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(54) Exposure method and exposure apparatus 

(57) An exposure apparatus transfers an image of 
a pattern on a reticle (R) onto a wafer (W) by synchro- 
nously scanning the reticle and the wafer with respect 
to a projection optical system (PL) in a state in which the 
reticle is illuminated with an exposure light beam from 
an exposure light source (1) subjected to pulse light 
emission via a fly's eye lens (6,9), a movable blind (1 3), 
a main condenser lens system (16), and a fixed blind 
(17). First and second uneven illuminance-correcting 
plates (23A,23B) . on which shielding line groups for cor- 
recting convex and concave uneven illuminance are de- 
picted, are arranged at a position defbcused from a con- 
Jugate plane with respect to a pattern plane of the reticle. 
A third correcting plate (24) for roughly correcting une- 
ven illuminance is arranged at a position further defo- 
cused therefrom. It is possible to enhance the uniformity 
of the totalized exposure amount on the wafer or the tel- 
ecentricity when the exposure is performed in accord- 
ance with the scanning exposure system. 
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Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention: 

[0001] The present Invention relates to an exposure method and an exposure apparatus of the scanning exposure 
. type to be used for transferring a mask pattern onto a substrate in the lithography step for producing devices Including, 
for example, semiconductor elements, liquid crystal display elements, plasma display elements, micromachines, and 
10 thin film magnetic heads. In particular, the present Invention Is preferably used when a pulse light beam is used as an 
exposure light beam. 

Description of the Related Art: 

15 [0002] In order to respond to the improvement in degree of integration and degree of fineness of the semiconductor 
device, it is demanded to enhance the resolving power and the transfer faithfulness for the exposure apparatus to be 
usedforthe exposure step In the lithography step (representatively comprising the resist application step, the exposure 
step, and the resist development step) in order to produce the semiconductor device. For this purpose, the numerical 
aperture of the projection optical system has been hitherto gradually increased. Further, the wavelength of the exposure 

20 light beam as the exposure beam has been shortened to use the KrF excimer laser (wavelength: 248 nm) and the ArF 
excimer laser (wavelength: 193 nm). In the present circumstances, only the pulse light source such as the excimer 
laser is available as the light source of the exposure light beam having the short wavelength as described above. 
Further, in order to enhance, for example, the resolving power, it Is also necessary to enhance the exposure amount 
control accuracy to expose, with a proper exposure amount, the photoresist applied onto the wafer as the substrate. 

25 [0003] Recently, in order to enhance the throughput in the exposure step by increasing the exposure field (respective 
shot areas on a wafer) without increasing the size of a projection optical system, a scanning exposure type exposure 
apparatus (hereinafter referred to as "scanning type exposure apparatus") based on the step-and-scan manner or the 
like has been developed, in which a reticle as a mask and the wafer are synchronously scanned with respect to the 
projection optical system. In the case of such a scanning type exposure apparatus, the totalized exposure amount at 

30 respective points on the wafer is averaged owing to the integration effect for the scanning direction. However, as for 
the non-scanning direction perpendicular to the scanning direction, for example, the influence of uneven illuminance 
in a slit-shaped illumination area in the non-scanning direction directly appears. As a countermeasure for this incon- 
venience, a method has been suggested, for example, in Japanese Patent Application Laid-Open No. 7-142313 and 
EP 0,633,506 A1 corresponding thereto. In this method, the shape of an opening of a field diaphragm, which defines 

35 the shape of the illumination area, is mechanically changed, or the field diaphragm is mechanically switched, in ac- 
cordance with an actual totalized exposure amount. 

[0004] As described above, the method for mechanically switching the shape of the field diaphragm in order to control 
the exposure amount in the scanning type exposure apparatus is considered to be effective when the exposure light 
beam is a continuous light beam such as a bright line (i-ray or the like) of a mercury lamp. However, in the present 

40 circumstances, a pulse light beam, which has a short wavelength with a relatively low oscillation frequency, Is also 
used gradually in the scanning type exposure apparatus. When such a pulse light beam is used, in order to obtain a 
unifonn totalized exposure amount, it is necessary to define the width of the exposure area on the wafer so that the 
exposure is perfonned substantially in an amount corresponding to an integral number of pulses at respective points 
on the wafer. In this case, if the shape of the opening of the field diaphragm Is mechanically switched, It Is feared that 

45 any area appears on the wafer, In which the condition of exposure In the amount corresponding to the Integral number 
of pulses is not satisfied. Therefore, the method for mechanically switching the shape of the opening of the field dia- 
phragm is not practical so much. For example. United Stales Patent No. 6,078,381 discloses thai the number of pulse 
light beams radiated onto respective points on the wafer is adjusted to be an integral number. 

[0005] When the exposure light beam is an ultraviolet light beam, the following Inconvenience sometimes arises. 

so That is, any cloudiness gradually appears on a surface of an optical member for constructing the illumination optical 
system or the projection optical system, for example, due to the reaction between the exposure light beam and organic 
compounds in the atmosphere. As a result, the transmittance of the optical system is lowered over a long period of 
time. Further, the following phenomenon is also known. That is, when the exposure light beam is a pulse light beam 
in a vacuum ultraviolet region at a wavelength of not more than about 200 nm, the refractive member in the illumination 

55 optical system or the projection optical system is gradually deteriorated, for example, due to the so-called compaction. 
As a result, the transmittance is gradually varied. The variation of the transmittance also depends on the optical path 
for the exposure light beam. Therefore, for example, if the state, in which the distribution of the exposure light beam 
on the pupil plane is non-axisymmetric (asymmetric with respect to an axis), is continued, for example, when the so- 
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called modified illumination method is used, the variation of the transmittance of the refractive member is also non- 
axisymmetric. As a result, it is feared that the distribution of illuminance is not unifomn in the non-scanning direction in 
the illumination area (orthe exposure area), and the unevenness of the totalized exposure amount is increased. Further 
if the variation of the transmittance occurs about the center of any point other than those disposed on the optical axis, 
5 it is also feared that the collapse amount of the telecentricity (telocentric property) of the exposure light beam with 
respect to the reticle orthe wafer exceeds an allowable range. 

[0006] As described above, for example, if any time-dependent variation of the transmittance distribution occurs due 
to the cloudiness orthe deterioration of the optical member, and the illuminance distribution in the illumination area (or 
the exposure area) is nonuniform in the non-scanning direction, then the nonunifomnity can be improved by exchanging 
10 the concerning optical member. However, it takes a fairly long period of time to perfonn the exchange. Further, it is 
also conceived that any mechanism for exchanging the optical member is provided. However, in such a case, the 
exposure apparatus has a large size, and the production cost is increased as well. 



SUMMARY OF THE INVENTION 



IS 



[0007] Taking the foregoing viewpoints Into consideration, a first object of the present invention is to provide an 
exposure method which makes it possible to enhance the uniformity of a totalized exposure amount on a wafer or the 
telecentricity of a exposure light beam when the exposure is performed in accordance with the scanning exposure 
system. 

20 [0008] A second object of the present invention is to provide an exposure method which makes it possible to enhance 
the uniformity of a totalized exposure amount on a wafer when the scanning exposure is performed by using a pulse 
light beam as an exposure light beam. 

[0009] A third object of the present invention is to provide an exposure method which makes it possible to easily 
enhance the uniformity of a totalized exposure amount on a wafer or the telecentricity of a exposure light beam even 

25 in the case of the occurrence of any variation in optical characteristic of an optical member or an optical system on an 
optical path of the exposure light beam up to the wafer, for example, any variation in transmittance (including variation 
in reflectance) when the exposure is performed in accordance with the scanning exposure system. 
[0010] Still another object of the present invention is to provide an exposure apparatus which makes it possible to 
use the exposure method as described above, and a method for producing highly accurate devices based on the use 

30 of the exposure method. 

[001 1 ] A first exposure method according to the present invention lies in an exposure method for exposing a substrate 
with an exposure light beam by illuminating a mask (R) with the exposure light beam and synchronously scanning the 
mask and the substrate (W); the exposure method comprising controlling a transmittance with respect to the exposure 
light beam with a predetennined distribution in a non-scanning direction (X direction) intersecting a scanning direction 

35 (Y direction) for the substrate. 

[0012] According to the present invention as defined above, for example, when the transmittance of a transmissive 
member orthe reflectance of a reflective member of an exposure light beam-radiating system (for example, an illumi- 
nation system or a projection system), and the entire transmittance ranging, for example, from a position for monitoring 
the energy of the exposure light beam to the substrate is gradually varied, then the transmittance for the exposure light 

40 beam Is controlled with such a distribution as to offset the variation amount in the non-scanning direction thereof. 
Accordingly, the uneven illuminance in the non-scanning direction on the substrate is decreased. Consequently, the 
uniformity of the totalized exposure amount after the scanning exposure on the substrate is improved. Further, for 
example, when the transmittance for the exposure light beam is varied about the center of the point deviated from the 
optical axis, the telecentricity of the exposure light beam is changed on the mask or the substrate. Therefore, the 

45 transmittance for the exposure light beam Is controlled so that the transmittance variation Is offset. Accordingly, even 
when the height of the mask or the substrate is changed, for example, no positional deviation occurs in the projected 
image. 

[0013] In the present invention, when the exposure light beam is a pulse light beam, it is desirable that a width in the 
scanning direction for the substrate in an exposure area (35P) of the exposure light beam on the substrate is determined 

50 so that the exposure light beam is radiated substantially as an integral number of pulses with respect to any point as 
an exposure objective during a period in which the point as the exposure objective on the substrate passes over the 
exposure area. When the scanning exposure is performed while increasing the scanning velocity of the substrate in 
order to increase the throughput under a condition in which the frequency of the pulse light beam is not so high, for 
example, when an excimer laser light beam is used as the exposure light beam, it is feared that the unevenness of the 

55 totalized exposure amount of a degree corresponding to about one pulse at the maximum occurs on the substrate, 
unless the exposure is performed inan amount corresponding to an identical integral numberof pulses for the respective 
points on the substrat . In relation to such a situation, the width of the exposure area in the scanning direction is fixed 
in the present invention, and th transmittance itself for the exposure light beam is controlled. Therefore, it is possible 
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to simultaneously satisfy both the condition to perform the exposure with the integral number of pulses and the control 
of the uneven illuminance In the non-scanning direction. 

[001 4] It is desirable that the transmittance for the exposure light beam is controlled after uniformity of an illuminance 
distribution of the exposure light beam is enhanced by the aid of one stage of optical integrator (uniformizer or homog- 

5 enizer) or a plurality of stages of optical integrators (6, 9). For example, the time-dependent variation of the transmit- 
tance distribution of the radiating system can be corrected easily and highly accurately by controlling the transmittance 
after the passage through the optical integrator as described above. 

It is desirable that uneven Illuminance in the non-scanning direction of the exposure light beam with respect to 
the substrate is corrected by controlling the transmittance for the exposure light beam by varying the distribution of the 

10 transmittance for the exposure tight beam in the non-scanning direction. Even when any uneven Illuminance of the 
exposure light beam occurs in the scanning direction on the substrate, any unevenness of the totalized exposure 
amount Is not substantially caused owing to the integration effect brought about by the scanning exposure. On the 
contrary, the integration effect Is not exerted in the non-scanning direction of the substrate. Therefore, the uniformity 
of the totalized exposure amount in the non-scanning direction is improved by previously avoiding any occurrence of 

15 the uneven illuminance in the non-scanning direction. 

[0015] Further, the transmittance for the exposure light beam may be previously allowed to have a predetermined 
variable distribution In the scanning direction for the substrate as well. The collapse amount of the telecentrlclty of the 
exposure light beam with respect to the masi< or the substrate may be corrected by controlling the transmittance for 
the exposure light beam. The totalized exposure amount is scarcely affected even when the transmittance distribution 

20 is provided in the scanning direction. However, it is possible to correct the collapse amount of the telecentrlclty in the 
scanning direction. 

[0016] Inorderto control the transmittance for the exposure light beam as described above, for example, it Is desirable 
that the exposure light beam is partially shielded with a transmittance distribution control member (23A, 23B) which 
has a variable transmittance distribution in the non-scanning direction for the substrate, in an area defocused by a 

25 predetermined spacing distance with respect to a plane of a pattern formed on the mask (a pattern plane of the mask) 
or a conjugate plane conjugate with the pattern plane. The Image of the shielding pattern of the transmittance distribution 
control member is fuzzy (becomes blur) on the mask by partially shielding the exposure light beam In the area defocused 
from the pattern plane of the mask (or the conjugate plane therewith) as described above. Therefore, the exposure 
light beam is successively radiated substantially uniformly onto all of the points on the substrate. Thus, the uniformity 

30 of the totalized exposure amount distribution is improved. 

[0017] For example, it is desirable that the transmittance distribution control member is provided with a first set of a 
plurality of shielding lines (28A, 29A) In each of which a shielding area Is changed in a predetermined distribution in 
the non-scanning direction for the substrate, and a second set of a plurality of shielding lines (28B, 29B) each of which 
has substantially the same shape as that of the shielding line of the first set; and any one of the following operations 

35 is selectively used, i.e.. the operation in which the first set of the shielding lines and the second set of the shielding 
lines are Inserted/withdrawn substantially symmetrically In the scanning direction for the substrate with respect to the 
optical path of the exposure light beam, and the operation In which the plurality of shielding lines of the first set and 
the second set are moved in the non-scanning direction for the substrate respectively. For example, the shielding line 
may be an aggregate of minute dot patterns, or it may be a semitransparent pattern for transmitting the exposure light 

40 beam to some extent. 

[0018] The axisymmetric convex uneven illuminance or the concave uneven Illuminance can be corrected without 
affecting the telecentriclty by Inserting/withdrawing the two sets of the shielding lines substantially symmetrically in the 
scanning direction. On the other hand, the convex or concave uneven illuminance deviated from the optical axis or the 
uneven illuminance inclined in the non-scanning direction can be corrected by moving the two sets of the shielding 

45 lines in the non-scanning direction respectively. 

[0019] It Is desirable that the first set of the plurality of shielding lines (28A, 29A) are arranged at a pitch which Is 
gradually changed in the scanning direction for the substrate. Accordingly, the occurrence of any diffraction pattern (i. 
e., uneven illuminance) of the exposure light beam is avoided, which would be otherwise caused by the plurality of 
shielding lines. The same or equivalent effect is also obtained by slightly inclining the plurality of shielding lines arranged 

so at a substantially constant pitch with each other. 

[0020] When the exposure light beam is a pulse light beam, it Is desirable that the first set of the plurality of shielding 
lines are arranged at different pitches therebetween which are different respectively from a length obtained by con- 
verting a spacing distance of movement of the substrate during each cycle of pulse light emission of the exposure light 
beam into a spacing distance at a position of each of the first set of the plurality of shielding lines. Accordingly, it is 

S5 possible to avoid any transfer of a defocused image of a certain shielding line onto the substrate. 

[0021] It is desirable that the transmittance distribution control member further comprises a third set of a plurality of 
shielding lines (26A to 26C, 27A to 27C) which have a large amount of change of a shielding area in the non-scanning 
direction for the substrate as compared with the first set and the second set of the plurality of shielding lines; and the 
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third set of the plurality of shielding lines are moved in at least one of the scanning direction and the non-scanning 
direction for the substrate with respect to the optical path of the exposure light beam, in order to roughly correct any 
uneven illuminance of the exposure light beam in the non-scanning direction. 
\ [0022] A second exposure method according to the present invention lies in an exposure method for exposing a 
5 substrate with an exposure light beam by illuminating a mask with the exposure light beam and scanning the substrate 
across the exposure light beam via the mask, the exposure method comprising: 

measuring uneven illuminance on a substrate plane or at a position in the vicinity thereof; 

controlling an illuminance distribution of the exposure light beam in a non-scanning direction intersecting a scanning 
10 direction for the substrate on an optical path of the exposure light beam on the way to the substrate to correct the 

measured uneven illuminance; and 

synchronously moving the mask and the substrate with respect to the exposure light beam to scan the substrate 
across the exposure light beam in which the uneven illuminance is corrected. According to this exposure method, 
the measured uneven illuminance in the non-scanning direction is effectively corrected by controlling the iliumi- 
15 nance distribution of the exposure light beam. 

[0023] In still another aspect, a first exposure apparatus according to the present invention lies in an exposure ap- 
paratus for exposing a substrate with an exposure light beam via a pattern on a mask by illuminating the mask (R) with 
the exposure light beam from an exposure lighl source (1) and synchronously scanning Ihe mask and Ihe substrate 

20 (W); the exposure apparatus comprising a transmittance distribution control member (23A, 23B, 24) which is arranged 
in an area defocused by a predetermined spacing distance with respect to a pattem plane of the mask or a conjugate 
plane conjugate with the pattern plane and which partially shields the exposure light beam with a variable transmittance 
distribution in a non-scanning direction intersecting a scanning direction for the substrate; and a driving unit (20) which 
drives the transmittance distribution control member in order to control the transmittance distribution in the non-scan- 

2s ning direction for the exposure light beam. The exposure method of the present invention can be carried out by using 
the exposure apparatus as defined above. 

[0024] It is desirable that the exposure light source is a pulse light source; the apparatus further comprises a fixed 
field diaphragm (17) which is arranged on a plane defocused by a spacing distance smaller than a defocus amount of 
the transmittance distribution control member with respect to the pattern plane of the mask or the conjugate plane 
30 conjugate with the pattern plane; and a width of the field diaphragm in a direction corresponding to the scanning direction 
for the substrate is determined so that the exposure light beam is radiated substantially as an Integral number of pulses 
to any point as an exposure objective during a period in which the point as the exposure objective on the substrate 
passes over an image of the field diaphragm. 

[0025] It is desirable that one stage or a plurality of stages of optical integrators (6, 9) are arranged between the 

35 exposure light source and the transmittance distribution control member. 

[0026] It is desirable that the transmittance distribution control member is provided with a first set of a plurality of 
shielding lines (28A, 29A) in each of which a shielding area is gradually changed in the non-scanning direction for the 
substrate, and a second set of a plurality of shielding lines (28B, 29B) each of which has substantially the same shape 
as that of the shielding line of the first set. It is desirable that the transmittance distribution control member further 

40 comprises a third set of a plurality of shielding lines (26A to 26C, 27A to 27C) which have a large amount of change 
of a shielding area In the non-scanning direction for the substrate as compared with the first set and the second set of 
the plurality of shielding lines. 

[0027] A second exposure apparatus according to the present invention lies in an exposure apparatus for exposing 
a substrate with an exposure light beam via a pattern on a mask by illuminating the mask with the exposure light beam 
45 and synchronously scanning the mask and the substrate; the exposure apparatus comprising a measuring unit which 
measures uneven illuminance of the exposure light beam In a non-scanning direction intersecting a scanning direction 
for the substrate; a shield plate which has a shielding pattern for adjusting an illuminance distribution of the exposure 
light beam in the non-scanning direction; a driving unit which drives the shield plate; and a control unit which displaces 
the shield plate in a path for the exposure light beam by controlling the driving unit so that the uneven illuminance is 
50 corrected. According to this exposure apparatus, the measured uneven illuminance in the non-scanning direction is 
effectively corrected by means of the shield plate for adjusting thie Illuminance distribution of the exposure light beam. 
[0028] The second exposure apparatus may further comprise an exposure light source, wherein the exposure light 
source generates a pulse beam having an oscillation frequency which is less than 10 KHz. The plate may be formed 
with shielding patterns which extend in the non-scanning direction and which have different shielding areas in the non- 
55 scanning direction. The exposure apparatus may further comprise a memory which stores a previously determined 
relationship between the uneven illuminance and an uneven illuminance correction amount depending on a driving 
amount of the plate; and a telecentricity-measuring unit. It is desirable that the piate is arranged at a position at which 
an image of the pattem formed on th plate Is defocused on a conjugate plane with r spect to a pattern plan of the 
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mask, and a defocus amount 5Z satisfies 5Z > FD/(2»NA) with respect to a numerical aperture NA of the exposure light 
beam on the plate and a maximum line width FD of the shielding pattern in the scanning direction. 
[0029] The exposure apparatus may further comprise a timer and a memory which stores a previously determined 
relationship between working time of the exposure apparatus and the uneven illuminance, wherein the control unit may 

5 correct the uneven illuminance by automatically controlling the driving unit depending on exposure time measured by 
the timer. The driving unit of the exposure apparatus may include a slider which is moved while holding each of the 
first, second, and third correcting plates, a guide with which the slider is engaged, and a motor which moves the slider. 
[0030] In still another aspect, a third exposure method according to the present invention lies in an exposure method 
for exposing a substrate with an exposure light beam via a pattem on a mask by illuminating the mask (R) with the 

10 exposure light beam subjected to pulse light emission and synchronously scanning the mask and the substrate (W), 
wherein an illuminance distribution of the exposure light beam on the substrate is set to be trapezoidal with respect to 
a scanning direction of the substrate, and a width (D E) of an inclined portion (67Ba, 67Bb) of the trapezoidal illuminance 
distribution is set to be substantially an integral multiple of a distance of movement of the substrate in the scanning 
direction during a period of one cycle of the pulse light emission of the exposure light beam. As a result, the exposure 

15 light beam effects the exposure for respective points in a common amount of an integral number of pulses during the 
period in which the respective points on the substrate are moved over the inclined portion of the illuminance distribution 
during the scanning exposure. Therefore, the totalized exposure amount Is made to be uniform. 
[0031 ] In this arrangement, it is desirable that a shape of an exposure area brought about by the exposure light beam 
on the substrate is set so that a width (D(X)) is gradually changed with respect to a non-scanning direction intersecting 

20 the scanning direction for the substrate depending on a totalized exposure amount distribution on the substrate. The 
uniformity of the totalized exposure amount is improved by changing the width of the exposure area in the scanning 
direction so that the distribution of the totalized exposure amount in the non-scanning direction is constant. 
[0032] A third exposure apparatus according to the present invention lies in an exposure apparatus for illuminating 
a mask with an exposure light beam and exposing a substrate with the exposure light beam via the mask, the exposure 

25 apparatus comprising: 

an illuminance-correcting member which is arranged in an area defocused with respect to a conjugate plane con- 
jugate with the substrate and which partially shields the exposure light beam with a variable transmittance distri- 
bution; and 

30 a control unit which sets the transmittance distribution of the exposure light beam so as to correct at least one of 

uneven illuminance and a collapse amount of telecentricity of the exposure light beam with respect to the mask 
or the substrate. 

[0033] A fourth exposure method according to the present invention lies in an exposure method for exposing a sub- 
35 strate with an exposure light beam via a mask by relatively moving the mask and the substrate with respect to the 

exposure light beam subjected to pulse oscillation, wherein: 

an illuminance distribution of the exposure light beam concerning a scanning direction for the substrate is set to 

be substantially trapezoidal, a width of the exposure light beam in the scanning direction is allowed to partially differ, 

and a scanning exposure condition for the substrate is set so that an integral number of pulses of the exposure light 
40 beam are radiated onto a point as an exposure objective during a period in which the point as the exposure objective 

on the substrate passes over an inclined portion of the illuminance distribution. 

[0034] A method for producing a device according to the present invention comprises the step of transferring a devic 
pattern (R) onto a workpiece (W) by using the exposure method of the present invention. The uniformity of the totalized 
exposure amount is improved by the present invention. Therefore, it is possible to highly accurately mass-produce 
devices having high degrees of integration. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0035] Fig. 1 shows, with partial cutaway, a front view illustrating an exemplary projection exposure apparatus ac- 
so cording to an embodiment of the present invention. 

[0036] Figs. 2A to 2C show plan views illustrating uneven illuminance-con-ecting plates 23A, 238 and a fixed blind 
17 shown in Fig. 1 . 

[0037] Fig. 3A shows a defocus state of the uneven illuminance-correcting plates 23A, 238 and the fixed blind 17 
shown in Fig. 1 , and Fig. 3B shows an exemplary totalized exposure amount distribution. 
55 [0038] Fig. 4A shows a plan view illustrating the uneven illuminance-correcting plate 238 shown in Fig. 2, Fig. 48 
shows a view in which a shielding line 27 shown in Fig. 4A is magnified in the widthwise direction, and Fig. 4C shows 
a view in which a shielding line 26 shown in Fig. 4A is magnified in the widthwise direction. 
[0039] Fig. 5 shows a rough uneven illuminance-correcting plate 24 shown in Fig. 1 . 
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[0040] Figs. 6A to 6E show an exemplary arrangement of a part of a driving mechanism 20 shown in Fig. 1 . 
[0041] Fig. 7A shows a state in which the uneven illuminance-correcting plates 23A, 23B shown in Fig. 2 are posi- 
tioned so that a group of shi Iding lines are not projected with respect to an opening 17a of the fixed blind 17, and Fig. 
7B shows an example of the uneven illuminance on a wafer corresponding to Fig. 7A. 

[0042] Fig. 8A shows a state in which the uneven illuminance-correcting plates 23A, 23B shown in Fig. 2 are driven 
in the scanning direction with respect to the opening 17a of the fixed blind 1 7, and Fig. 8B shows an example of the 
uneven illuminance on the wafer corresponding to Fig. 8A. 

[0043] Fig. 9A shows a state in which the uneven illuminance-correcting plates 23A, 23B shown in Fig. 2 are driven 
in the scanning direction and the non-scanning direction with respect to the opening 17a of the fixed blind 17, and Fig. 
9B shows an example of the uneven illuminance on the wafer corresponding to Fig. 9A. 

[0044] Fig. 10 shows a state in which uneven illuminance-correcting plates 23C, 23D according to a first modified 
embodiment are positioned with respect to the fixed blind 17. 

[0045] Figs. 11 A to 11 D show shielding lines and operation thereof according to a second modified embodiment. 
[0046] Fig. 12A shows a magnified view illustrating the shielding line 26 according to the embodiment shown in Fig. 
2, and Fig. 128 shows a magnified view illustrating a shielding pattern 66 composed of a pattern of a large number of 
dots according to a third modified embodiment. 

[0047] Fig. 13A shows an opening 1 7b of a fixed blind 17 according to another embodiment of the present Invention, 
and Fig. 13B shows an illuminance distribution in an exposure area on a wafer corresponding thereto. 
[0048] Fig. 14A shows an example of the liming of pulse light emission in the embodiment shown in Fig. 2, and Fig. 
14B shows an example of the timing of pulse light emission in the embodiment shown in Fig. 13. 
[0049] Figs. 15A to 15C illustrate an exemplary method for measuring the illuminance distribution in the exposure 
area in the non-scanning direction according to the embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS OF THE INVENTION 

25 

[0050] An exemplary embodiment according to the present invention will be explained below with reference to the 
drawings. In this embodiment, the present invention is applied when the exposure is performed by using a projection 
exposure apparatus (scanning type exposure apparatus) of the scanning exposure type based on the step-and-scan 
system. 

30 [0051] Fig. 1 shows a schematic arrangement of the projection exposure apparatus of this embodiment. With refer- 
ence to Fig. 1 , an ArF excimer laser light source (wavelength: 193 nm) as a pulse light source is used for an exposure 
light source 1 . However, those usable as the exposure light source 1 include, for example, a KrF excimer laser (wave- 
length: 248 nm), an F2 laser (wavelength: 157 nm), a KX2 laser (wavelength: 146 nm), a high harmonic wave generator 
such as a YAG laser, and a light source unit for converting the wavelength of a light beam from a semiconductor laser 

35 up to a vacuum ultraviolet region at a wavelength of not more than about 200 nm by using a nonlinear optical crystal 
or the like after amplifying the light beam with an optical fiber amplifier Any one of the light sources described above 
Is a pulse light source. However, for example, the oscillation frequency of the excimer laser light source Is about several 
kHz which is relatively low. On the other hand, the oscillation frequency of the light source unit for converting the 
wavelength of the light beam from the semiconductor laser can be increased, for example, to about 100 kHz, i.e., to 

40 such an extent that the light beam can be substantially regarded as a continuous light beam. 

[0052] The exposure light beam IL (exposure beam) from the exposure light source 1, which is composed of an 
ultraviolet pulse light beam having a wavelength of 193 nm, passes through a beam-matching unit (BMU) 2 for posi- 
tionally matching the optica! path with respect to the main exposure apparatus body, and it comes into a variable light- 
reducing unit 3 as a light attenuator. An exposure control unit 21 , which is provided to control the amount of exposure 

45 with respect to the photoresist on the wafer, controls the start, the stop, and the output (oscillation frequency and pulse 
energy) of the light emission of the exposure light source 1 , and It adjusts the dimming ratio at the variable light-reducing 
unit 3 continuously or in a stepwise manner. 

[0053] The exposure light beam IL, which has passed through the variable light-reducing unit 3, passes through a 
beam-shaping system 5 composed of a first lens system 4A and a second lens system 4B arranged along a predeter- 
50 mined optical axis, and it comes into a first fly's eye lens 6 which serves as a first stage optical integrator (uniformlzer 
or homogenizer). The exposure light beam IL, which outgoes from the first fly's eye lens 6, passes along a first lens 
system 7A, an optical path-bending mirror 8, and a second lens system 7B, and it comes into a second fly's eye lens 
9 which serves as a second stage optical integrator 

[0054] An aperture diaphragm plate 10 is arranged rotatably by the aid of a driving motor lOe at a light-outgoing 
55 plane of the second fly's eye lens 9, i.e., an optical Fourier transformation plane (pupil plane of the Illumination system) 
with respect to the pattern plane (reticle plane) of the reticle R as the exposure objective. The aperture diaphragm 
plate 10 is swilchably arranged with, for example, a circular aperture diaphragm 10a for ordinary illumination, an ap- 
erture diaphragm 10b for zonal Illumination as an example of the modified Illumination, an aperture diaphragm for four- 
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spot illumination (not shown) composed of four eccentric small apertures as another example of the modified illumi- 
nation, and a small circular ap rture diaphragm (not shown) for a small coherence factor (a value). An "illumination 
condition-switching system" is constructed to switch the illumination condition into any one of the plurality of illumination 
conditions (ordinary illumination, modified illumination, and small a value illumination) by the aid of the aperture dia- 
5 phragm plate 1 0 and the driving motor 10e. The main control system 22, which collectively manages and controls the 
entire operation of the apparatus, sets the illumination condition by the aid of the driving motor 10e. 
[0055] When the modified illumination (zonal illumination, four-spot illumination) is perfomned, it is desirable that the 
cross-sectional configuration of the exposure light beam IL is shaped to have a substantially zonal area at the stage 
of Incoming into the second fiy's eye lens 9, in order to obtain the high illuminance (pulse energy) by increasing the 
10 efficiency of the use of the exposure light beam IL. For this purpose, for example, the first fly's eye lens 6 may be 
replaced with a diffractive optical element (DOE) composed of a set of a large number of phase type diffraction gratings. 
The illumination condition-switching system is not limited to the arrangement described above. A conical prism (axicon) 
and/or a zoom optical system and a diffractive optical element may be used singly or in combination with the aperture 
diaphragm plate 10. When an inner surface-reflecting type integrator (for example, a rod integrator) is used as the 

15 second stage optical integrator, then the exposure light beam IL is allowed to come into the inner surlace-reflecting 
type integrator while inclining the exposure light beam IL with respect to the optical axis lAX of the illumination system 
by using, for example, DOE, a conical prism, or a polyhedral prism, and the range of the angle of incidence of the 
exposure light beam IL at the incoming plane is changed depending on the Illumination condition. 
[0056] In Fig. 1, the aperture diaphragm 10a for the ordinary illumination is installed at Ihe lighl-ouLgoing plane of 

20 the second fly's eye lens 9. The exposure light beam IL, which outgoes from the second fly's eye lens 9 and which 
passes through the aperture diaphragm 10a, comes into a beam splitter 11 which has a high transmittance and a low 
reflectance. The exposure light beam, which is reflected by the beam splitter 11 as a monitoring point for the energy 
of the exposure light beam, passes through a light-collecting lens 1 8, and it comes into an integrator sensor 19 com- 
posed of a photoelectric detector. A detection signal S1 of the Integrator sensor 1 9 is supplied to the exposure control 

25 unit 21 . The exposure light beam IL is the pulse light beam. Therefore, the detection signal S1 is converted Into digital 
data in the exposure control unit 21 by the aid of a peak hold circuit, and an analog/digital (A/D) converter. The rela- 
tionship between the detection signal of the integrator sensor 1 9 and the illuminance of the exposure light beam IL on 
the wafer W as the substrate to be exposed is measured highly accurately, for example, periodically or if necessary, 
and it is stored in a memory in the exposure control unit 21 . The exposure control unit 21 is constructed so that the 

30 illuminance (average value) of the exposure light beam IL on the wafer W and the integral value thereof can be indirectly 
monitored in accordance with the detection signal of the integrator sensor 19. 

[0057] The exposure light beam IL. which has been transmitted through the beam splitter 11 , passes through the 
first lens system 12A and the second lens system 12B along the optica! axis lAX, and it successively comes into a 
movable blind (movable illumination field diaphragm) 13 via a rough uneven illuminance-correcting plate 24, a first 

35 uneven illuminance-correcting plate 23A, and a second uneven illuminance-correcting plate 23B as transmittance dis- 
tribution control members or a shield plate of the present invention. As described later on, a plurality of predetermined 
shielding lines are depicted on the light-outgoing plane of the rough uneven illuminance-correcting plate 24. A plurality 
of shielding lines are depicted on opposing inner surfaces of the uneven illuminance-correcting plates 23A, 23B re- 
spectively. The positions of the rough uneven illuminance-correcting plate 24 and the uneven illuminance-con-ecting 

40 plates 23A. 23B in the plane perpendicular to the optical axis lAX are controlled by the driving mechanism 20 respec- 
tively. The operation of the driving mechanism 20 is controlled by the main control system 22 by the aid of the driving 
system 25. In this case, the latter movable blind 13 is installed at a conjugate plane with respect to the reticle plane. 
Each of planes on which the shielding lines are formed (the fonnation planes of the shielding lines) on the uneven 
illuminance-correcting plates 23A, 23B is defocused by a predetemnlned spacing distance from the conjugate plane in 

45 the optical axis direction (as described in detail later on). 

[0058] In this arrangement, the formation planes of the shielding lines of the uneven illuminance-correcting plates 
23A, 23B are opposed to one another so that the defocus amounts of the respective shielding lines of the uneven 
illuminance-correcting plates 23A, 23B are in the same degree substantially symmetrically with each other. Further, 
the spacing distance thereof is set to be narrow, i.e., for example, about 1 mm. Accordingly, an advantage is also 

so obtained such that any foreign matter such as minute dust or the like hardly adheres to the fonnation plane of the 
shielding line. The fonnation plane of the shielding lines of the rough uneven illuminance-correcting plate 24 is further 
defocused with respect to the conjugate plane as compared with the uneven illuminance-correcting plates 23A, 23B. 
[0059] During the exposure, the exposure light beam IL, which has passed through the movable blind 13, passes 
along an optical path-bending mirror 14, a lens system 15A for image formation, a subsidiary condenser lens system 

S5 1 5B, a main condenser lens system 1 6, and the movable blind 1 7. and It Illuminates an illumination area (illumination 
field area) 35 of the pattern plane (reticle plane) of the reticle R as the mask. The fixed blind 1 7 is arranged at a plan 
which is slightly defocused from the reticle plane. That is. the defocus amount of the fixed blind 1 7 is set to be smaller 
than the defocus amount of each of the uneven illuminance-correcting plates 23A, 23B. For example, as disclosed in 
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Japanese Patent Application Laid-Open No. 4-196513 and United States Patent No. 5.473.41 0 corresponding thereto, 
the fixed blind 17 has an opening 17a (see Fig. 2B) which is arranged to xtend in a linear slit-shaped configuration 
or a rectangular configuration (hereinafter generally referred to as "slit-shaped configuration") in a direction perpen- 
dicular to the scanning exposure direction at the center of the circular field of the projection optical system PL as 
5 described later on. 

[0060] In this case, the movable blind 1 3 is used to vary the width of the illumination field area in the scanning direction 
in order to avoid any unnecessary exposure upon the start and the end of the scanning exposure for the respective 
shot areas on the wafer W. Further, the movable blind 13 is also used to vary the width depending on the size of the 
pattem area of the reticle R in relation to the direction (non-scanning direction) perpendicular to the scanning direction. 
to The information on the opening ratio of the movable blind 1 3 is also supplied to the exposure control unit 21 . The value, 
which is obtained by multiplying the illuminance detemnined from the detection signal of the integrator sensor 19 by 
the opening ratio, represents the actual illuminance on the wafer W. 

[0061] With reference to Fig. 1 , the illumination optical system ILS (illumination system) is constructed by the expo- 
sure light source 1 . the beam-matching unit 2, the variable light-reducing unit 3, the beam-shaping system 5, the fly's 

^5 eye lenses 6, 9, the lens systems 7A, 7B, the lens systems 12 A, 12B, the movable blind 13, the lens system ISA for 
image formation, the subsidiary condenser lens system 15B, the main condenser lens system 16, the movable blind 
17, the uneven Illuminance-correcting plates 23A, 23B, the rough uneven Illuminance-correcting plate 24, and other 
components. The fixed blind 17 may be arranged, for example, at the plane between the movable blind 13 and the 
' uneven illuminance-correcting plates 23A, 238, or at the plane in the vicinity of the lighl-oulgoing side of the movable 

20 blind 13 (between the movable blind 13 and the mirror 14 in this embodiment). 

[0062] As for another exemplary arrangement, the fixed blind 17 may be arranged at a plane in the vicinity of the 
lower surface of the reticle R, because the reticle plane of this embodiment is the lower surface of the reticle R. Alter- 
natively, the fixed blind 17 may be arranged in the vicinity of the surface of the wafer W. The fixed blind 17 may be 
arranged at the conjugate plane conjugate with the surface of the wafer W (pattern plane of the reticle R). However, 

25 in this case, for example, It is necessary that a light-reducing section is formed for the fixed blind 1 7 so as to obtain a 
trapezoidal configuration of the illuminance distribution F(Y) of the exposure light beam IL concerning the scanning 
direction SD (Y direction in this embodiment) on the wafer W. Further, at least one of the uneven illuminance-correcting 
plates 23A, 238 and the rough uneven illuminance-correcting plate 24 may be arranged between the movable blind 
13 and the lens system 15A for image formation, between the reticle R and the main condenser lens system 16, or 

30 between the reticle R and the projection optical system PL. 

[0063] Under the illumination light beam IL, the image of the circuit pattern in the illumination area on the reticle R 
is transferred at a predetermined projection magnification p (P is, for example, 1/4 or 1/5) through the projection optical 
system PL which is telecentric on both sides, to the slit-shaped exposure area 35P of the photoresist layer on the wafer 
W as the substrate (substrate to be exposed) arranged on the image formation plane of the projection optical system 

35 PL. The reticle R and the wafer W can be also regarded to be the first object and the second object respectively. The 
wafer W is, for example, a disk-shaped substrate of semiconductor (silicon or the like) or SOI (silicon on insulator). 
The projection optical system PL as the projection system of this embodiment is based on the dioptric system (refractive 
^ , system). IHowever, it is needless to say that the catadioptric system (reflective refractive system) and the reflective 

^ system are also usable. 

40 [0064] In this case, the exposure light beam IL(ArFexcimer laser beam) ofthisembodiment is the vacuum ultraviolet 
light beam. Therefore, the light beam is greatly absorbed, for example, oxygen, carbon dioxide, and steam existing in 
the ordinary air. In order to avoid such an inconvenience, a high purity purge gas (rare gas such as helium and neon 
or so-called inert gas such as nitrogen gas), which also has a high transmittance with respect to the vacuum ultraviolet 
light beam, is supplied to the optical path for the exposure light beam IL ranging from the exposure light source 1 to 

45 the wafer W of this embodiment. Further, the saltpeter material for the refractive member having the high transmittance 
with respect to the vacuum ultraviolet light beam is limited, for example, to synthetic quart, fluorite (CaFg), and mag- 
nesium fluoride (MgF2). However, fluorite and magnesium fluoride are expensive. Accordingly, most parts of the plurality 
of refractive members of the projection optical system PL of this embodiment are made of synthetic quartz. Remaining 
members for correcting the chromatic aberration are made of fluorite. Refractive members in the illumination optical 

so system ILS are also made of synthetic quartz. The following explanation will be made assuming that the Z axis extends 
in parallel to the optical axis AX of the projection optical system PL, the Y axis extends in the scanning direction SD 
(direction parallel to the plane of paper of Fig. 1 in this embodiment) for the reticle R and the wafer W during the 
exposure in the plane perpendicular to the Z axis, and the X axis extends in the direction perpendicular to the scanning 
direction, i.e., the non-scanning direction in this embodiment (direction perpendicular to the plane of paper of Fig. 1 in 

55 this embodiment). On the retici R, the optical axis lAX of the illumination optical system ILS coincides with the optical 
axis AX of the projection optical system PL. 

[0065] In this embodiment, the reticle R is attracted and held on a reticle stage 31 . The reticle stage 31 is placed on 
a reticle base 32 movably at a constant velocity in the Y direction and finely movably in the X direction, the Y direction, 
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and the direction of rotation. The two-dimensional position and the angle of rotation of the reticle stage 31 (reticle R) 
are measured in real time by a laser interferometer installed in a driving control unit 34. A driving motor (for example, 
a linear motor or a voice coil motor) installed in the driving control unit 34 controls the scanning velocity and the position 
of the reticle stage 31 on the basis of an obtained result of the measurement and the control infomnation supplied from 

5 the main control system 22. 

[0066] On the other hand, the wafer W is attracted and held on the wafer stage 39 by the aid of the wafer holder 38. 
The wafer stage 39 is movable two-dimensionally along the XY plane parallel to the image plane of the projection 
optical system PL on the wafer base 40. That is, the wafer stage 39 is movable at a constant velocity in the Y direction 
on the wafer base 40, and it is movable in a stepping manner in the X direction and the Y direction during the shot 

10 exposure. The wafer stage 39 is further incorporated with a Z leveling mechanism for controlling the position of the 
wafer W In the Z direction (focus position) and the angles of rotation about the X axis and the Y axis as welL A multi- 
point autofocus sensor (not shown) for measuring the focus positions at a plurality of measuring points on the surface 
of the wafer W (wafer plane) is also provided. During the exposure, the Z leveling mechanism is driven In accordance 
with the autofocus system on the basis of the measured value obtained by the autofocus sensor. Accordingly, the wafer 

IS plane is focused to the image plane of the projection optical system PL. 

[0067] The positions of the wafer stage 39 in the X direction and the Y direction, and the angles of rotation about the 
X axis, the Y axis, and the Z axis are measured In real time by the laser interferometer in the driving control unit 41 . 
The driving motor (for example, a linear motor) in the driving control unit 41 controls the scanning velocity and the 
position of the wafer stage 39 on the basis of the obtained result of the measurement and the control information 

20 supplied from the main control system 22. 

[0068] The main control system 22 sends various pieces of information Including, for example, the movement posi- 
tions, the movement velocities, the rates of acceleration of movement, and the position offsets of the reticle stage 31 
and the wafer stage 39 respectively, to the driving control units 34, 41. During the scanning exposure, the reticle R is 
scanned at the velocity Vr in the +Y direction (or in the -Y direction) with respect to the illumination area 35 of the 

25 exposure light beam IL by the aid of the reticle stage 31 , in synchronization with which the wafer W Is scanned at the 
velocity p»Vr (P represents the projection magnification from the reticle R to the wafer W) in the -Y direction (or in the 
+Y direction) with respect to the exposure area 35P for the pattern image on the reticle R by the aid of the wafer stage 
39. In order to avoid any exposure onto unnecessary portions at the start and the end of the scanning exposure during 
this process, the opening/closing operation of the movable blind 13 is controlled by the driving control unit 34. 

30 [0069] Further, the main control system 22 reads, from the exposure data file, various exposure conditions for per- 
forming the scanning exposure In a proper exposure amount for the photoresist in each of the shot areas on the wafer 
W, and It executes the optimum exposure sequence In cooperation with the exposure control unit 21 as well. 
That is, when the command to start the scanning exposure for one shot area on the wafer W is Issued from the main 
control system 22 to the exposure control unit 21, then the exposure control unit 21 starts the light emission of the 

35 exposure light source 1 , and it calculates the integral value of the illuminance of the exposure light beam IL for the 
wafer W (sum of the pulse energy per unit time) by the aid of the integrator sensor 19. The integral value is reset to 
zero upon the start of the scanning exposure. The exposure control unit 21 successively calculates the integral value 
of the illuminance, and it controls the output of the exposure light source 1 (oscillation frequency and pulse energy) 
and the dimming ratio of the variable light-reducing unit 3 depending on an obtained result so that the proper exposure 

40 amount is obtained at respective points on the photoresist on the wafer W after the scanning exposure. The light 
emission of the exposure light source 1 Is stopped after completion of the scanning exposure for the concerning shot 
area. 

[0070] In this embodiment, the pulse light beam, which has a relatively low oscillation frequency (less than 10 kHz, 
for example, in a degree of about several kHz), is used as the exposure light beam IL. Therefore, a condition is imposed 

45 to perfonn the exposure with an Integral number of pulses for the respective points on the wafer W. This means that 
the number of pulses radiated onto the respective points on the wafer W is an integral number. Further, the pulse 
energy involves dispersion to some extent every lime when the light is emitted. Therefore, in order to maintain the 
control accuracy forthe totalized exposure amount to be not less than a predetermined level, a condition is also imposed 
in this embodiment such that the number N of exposure pulses forthe respective points on the wafer W is an integral 

50 number of not less than a predetemiined minimum number N^,!,, of exposure pulses. In Fig. 1 , when the exposure light 
beam IL is subjected to the pulse light emission, the illuminance distribution F(Y) in the scanning direction SD (Y 
direction) of the exposure area 35P on the wafer W has an approximately trapezoidal configuration as shown in Fig. 
15C, because the fixed blind 17 is defocused. 

[0071] With reference to Fig. 15C, assuming that the value (maximum value) at the upper side of the illuminance 
55 distribution F(Y) is Fq, the width D in the scanning direction of the illuminance distribution F(Y) at the position at which 
the Illuminance Is FJ2 is regarded to be the width (slit width) in the scanning direction of the exposure area 35P in this 
embodiment. The slit width D on the wafer is, for example, about 8 mm. The width of the exposure area 35 P in the 
non-scanning direction is about 2.5 times (20 mm) to 4 times (32 mm) the slit width D. In this case, It Is assumed that 
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f,L represents the frequency of the pulse light emission of the exposure light source 1 shown in Fig. 1, T|l l/fju) 
represents the cycle, Vw represents the scanning velocity of the wafer stage 39 during the scanning exposure, PH 
represents the proper exposur amount (sensitivity) of the photoresist, N represents the number of exposure pulses 
(N is an integer) for the respective points on the wafer, and p represents the average value of the pulse energy (con- 
.5 verted into the illuminance value) of the exposure light beam IL on the wafer On this assumption, the condition to 
perform the exposure with the number N of pulses which is not less than the minimum number N^^jp of exposure pulses 
Is as follows. [0049] 



N (integer) = PH/p > N^j„ (1) 

[0072] Accordingly, for example, with reference to Fig. 1 , the average pulse energy p on the wafer Is Indirectly meas- 
ured by the aid of the integrator sensor 1 9 previously before the exposure. After that^ the main control system 22 
controls the dimming ratio of the variable light-reducing unit 3 and the output of the exposure light source 1 so that the 
expression (1) is satisfied by the aid of the exposure control unit 21. Further, for example, the slit width D and the 
scanning velocity Vw satisfy the following condition. [0050] 



20 



DA/w = N^T,L (2) 
[0073] When this expression is substituted with (T||^ = 1/f||_)t the scanning velocity Vw is represented as follows. 
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Vw = D-f ,L*(P/PH) (3) 

[0074] In this case, the scanning exposure condition, which satisfies the expression (3), may be detemined by ad- 
justing at least one of the scanning velocity Vw (scanning velocity for the reticle R is Vw/p), the slit width D, the frequency 
fiL, and the average value p of the pulse energy so that the throughput of the exposure apparatus is maximum, i.e., 
the scanning exposure time for each of the shot areas on the wafer W is shortest. 

Further, it is preferable that the scanning exposure condition is determined taking into consideration the variable range 
(for example, the maximum value) of at least one of the scanning velocity Vw the oscillation frequency fj^, the pulse 
energy p and like. In this case, as for the scanning exposure condition, for example, the limit value based on the design 
of the apparatus may be used for the maximum value of the scanning velocity Vw or the oscillation frequency f|L. 
However, it is desirable that the practical upper limit, with which, for example, the movement control (including, for 
example, the position control and the velocity accuracy) forthe reticle R and the wafer W satisfies the required accuracy, 
is used for the scanning velocity, and the practical upper limit, with which, for example, the central wavelength of the 
pulse light beam, the stability of the wavelength width, and the intensity dispersion satisfy the required accuracy, is 
used forthe oscillation frequency. 

[0075] Synthetic quartz is principally used for the plurality of refractive members in the illumination optical system 
ILS and the projection optical system PL of this embodiment. It is known that when the intense pulse light beam Is 
continuously radiated onto synthetic quartz, the transmittance thereof is gradually varied due to the deterioration of 
the material. As for other refractive members and reflective members, there is such a possibility that the overall trans- 
mittance is gradually varied due to the deterioration thereof. Further, in this embodiment, the purge gas, from which 
impurities such as organic matters are intensely removed, is supplied into the optical path for the exposure light beam 
IL. However, even on this condition, it is also considered that any cloudiness substance generated by the chemical 
reaction is deposited on the surface of the refractive member or the reflective member by slightly remaining impurities, 
resulting in gradual decrease in transmittance (or reflectance in the case of the reflective member). In such a case, 
when the variation of the transmittance uniformly occurs in the X direction and the Y direction, the uneven illuminance 
on the wafer W, as well as the uneven totalized exposure amount is not caused. In this embodiment, the exposure 
light beam IL, which is separated by the beam splitter 11 (monitoring point for the energy) in the illumination optical 
system ILS, is received by the integrator sensor 19. The obtained detection result is multiplied by a predetermined 
coefficient to indirectly detemnine the illuminance on the entire surface of the exposure area 35P on the wafer W. 
Therefore, when the transmittance of the optical system is gradually varied uniformly as a whole, it is possible to allow 
the average value of the totalized exposure amount with respect to the wafer W to coincide with the target sensllivily 
prescribed by the photoresist within an allowable range, for example, by periodically performing calibration for the 
coefficient. 

[0076] However, for example, when the modified illumination is performed, the optical path for allowing the exposure 
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light beam IL to pass therethrough in the illumination optical system ILS and the projection optical system PL is not a 
substantially unifomn optical path about the center of the optical axis. Therefore, it is feared that the variation of the 
transmittance, which is caused by the cloudiness and the deterioration of the optical systems, is not uniform, for ex- 
ample, in the X direction (non-scanning direction). In such a case, the dispersion of the illuminance (pulse energy per 

5 unit area and unit time), i.e., the uneven illuminance occurs in the non-scanning direction in the illumination area 35 
and the exposure area 35P. The dispersion (uneven exposure amount) also occurs in the totalized exposure amount 
after the scanning exposure in the respective shot areas on the wafer W. If the dispersion exceeds an allowable range, 
for example, the resolution is deteriorated, or the transfer faithfulness is lowered, finally resulting In the decrease In 
yield of the semiconductor device to be produced. Specifically, if no operation for correcting the uneven illuminance is 

10 perfomned. It is also postulated that the uneven Illuminance exceeds the average illuminance by about ±5 to ± 10 % 
(10 to 20 % in width) for a long period of time. Even If the variation of the transmittance occurs in the Y direction 
(scanning direction), the uneven exposure amount scarcely takes place owing to the integration effect brought about 
by the scanning exposure. 

[0077] However, for example, if the transmittance variation occurs at a position (position close to the pupil plane) 
IS defocused from the conjugate plane with respect to the reticle plane about the center of the point which is different 
from those disposed on the optical axis, the collapse of telecentriclty (hereinafter referred to as "telecentrtc discrepan- 
cy") occurs together with the uneven exposure amount. If the collapse amount exceeds an allowable range, for example, 
It is feared that any lateral discrepancy of the projected Image occurs In an area In which the reticle plane Is slightly 
bent downwardly or in an area in which slight irregularities exist on the surface of the wafer W. The lateral discrepancy 
20 results in the deterioration of the resolution, or the overlay error when the overlay exposure is performed. Accordingly, 
the projection exposure apparatus of this embodiment is incorporated with a mechanism for correcting the uneven 
illuminance caused by the variation of transmittance and the telecentric discrepancy as described above (hereinafter 
referred to as "uneven illuminance-correcting mechanism"). The uneven illuminance-correcting mechanism is provided 
with an uneven illuminance-measuring mechanism, a telecentricity-measuring mechanism, and a transmittance distri- 
25 bution control mechanism, as well as the main control system 22 and the exposure control unit 21 as the control system 
for them. 

[0078] At first, as for the uneven illuminance-measuring mechanism, an Illuminance-measuring section 42 Is fixed 
in the vicinity of the wafer holder 38 on the wafer stage 39 shown In Fig. 1. ACCD type line sensor 42a (see Fig. 15A), 
which has a silt-shaped or slender light-receiving section extending in the scanning direction (Y direction), is fixed onto 

30 the upper surface of the illuminance-measuring section 42. A detection signal obtained by the line sensor 42a is supplied 
to the exposure control unit 21 . An ordinary uneven illuminance sensor (not shown), which Is composed of a photoe- 
lectric sensor having a pin hole-shaped light-receiving section, is also installed on the upper surface of the illuminance- 
measuring section 42. Although not shown, a radiation amount monitor, which has a light-receiving section to cover 
the entire exposure area 35P, is also installed on the wafer stage 39. A coefficient, which is used to indirectly determine 

35 the illuminance on the wafer W from the detection signal of the integrator sensor 1 9, is calculated on the basis of the 
detection signal SI of the integrator sensor 19 and the detection signal of the radiation amount monitor. 
[0079] Explanation will now be made with reference to Fig. 15 for a method for measuring the uneven illuminance 
of the slit-shaped exposure area 35P in the non-scanning direction (X direction) by using the line sensor 42a. The 
measurement of the uneven illuminance is performed, for example, periodically. During this process, the illumination 

40 system is switched, for example, into the ordinary illumination, the modified illumination, and the small a value illumi- 
nation by driving the aperture diaphragm plate 10 shown in Fig. 1 to execute the measurement of the uneven illuminance 
for each of the illumination systems. The state of the uneven illuminance, which corresponds to the elapse of the 
working time of the projection exposure apparatus of this embodiment, Is stored as a table for each of the illumination 
systems in a storage unit in the main control system 22. 

45 [0080] Fig. 15A shows a state In which the wafer stage 39 shown in Fig. 1 Is driven to move the line sensor 42a on 
the illuminance-measuring section 42 to a side in the non-scanning direction of the exposure area 35P of the projection 
optical system PL. The illuminance distribution F(Y) In the scanning direction SD (Y direction) of the exposure area 
35P has a substantially trapezoidal configuration. As shown In Fig. 15C, assuming that the width In the scanning 
direction of the base of the illuminance distribution F(Y) is DL, the width of the light-receiving section of the line sensor 

50 42a in the scanning direction Is set to be sufficiently wider than DL. - 

[0081] After that, as shown in Fig. 15A, the wafer stage 39 Is driven to successively move the line sensor 42a to a 
series of measuring points at predetermined intervals In the non-scanning direction (X direction) in a form In which the 
exposure area 35P is completely covered in the scanning direction. The exposure light source 1 shown in Fig. 1 is 
allowed to cause the pulse light emission at the respective measuring points to incorporate, in parallel, the detection 

55 signal 81 of the integrator sensor 19 and the detection signal 82 of the line sensor 42a into the exposure control unit 
21 . The data, which Is obtained by integrating the digital data of the detection signal S2 of the line sensor 42a for all 
of pixels, is divided by the digital data of the detection signal S1 . Accordingly, as shown in Fig. 15B, the illuminance 
distribution E(X) in the non-scanning direction (X) of the exposure area 35P is calculated. The reason why the data is 
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divided by the detection signal S1 of tlie integrator sensor 1 9 is to eliminate the influence of the dispersion of the pulse 
energy. As described above, the Ulunninance distribution E(X) in the non-scanning direction of the exposure area 35P 
can be easily measured for a short period of time by scanning the line sensor 42a in the X direction. The illuminance 
distribution E(X) in this case is represented, for example, by a relative value on the basis of the illuminance at the first 

5 measuring point at the one end of the exposure area 35P in the non-scanning direction. 

[0082] As a result, the illuminance distribution E(X) represents the illuminance obtained by integrating the illuminance 
on the exposure area 35P In the scanning direction (Y direction) at the respective positions X in the non-scanning 
direction. During the scanning exposure, the respective points on the wafer W traverse the area of the trapezoidal 
illuminance distribution F(Y) shown in Fig. 15C in the scanning direction. Therefore, the illuminance distribution E(X) 

10 in the non-scanning direction in this embodiment is approximately equivalent to the distribution of the totalized exposure 
amount In the non-scanning direction in the respective shot areas on the wafer W. In this embodiment, the illuminance 
distribution E(X) Is expressed as follows as a function of the position X In the non-scanning direction. The origin for 
the position X resides in a straight line which passes through the optical axis AX of the projection optical system PL 
and which is parallel to the Y axis. [0058] 

15 

E(X) = a»(X-b)^ -f c»X + d (4) 

[0083] In the expression (4), the quadratic coefficient a represents the uneven illuminance which is convex (a > 0) 
or which is concave (a < 0) with respect to the position X. The shift coefficient b represents the shift amount of the 
symmetrical axis of the uneven illuminance In the X direction from the optical axis AX. The linearcoefftcient c represents 
the so-called uneven Inclination. The coefficient d represents the constant illuminance (offset) independent from the 
position X. The values of the coefficients a lo d are delennined, for example, by means of the least square method 
from actually measured data. The determined values are stored as the state of the uneven illuminance in the non- 
scanning direction (i.e., the totalized exposure amount distribution in the non-scanning direction). Specifically, in the 
case of the Illuminance distribution E(X) shown in Fig. 15B, the coefficient a is a positive value (convex uneven illumi- 
nance), the values of the coefficients b and c are zero, and the coefficient d is also a positive value. In this embodiment, 
the illuminance distribution E(X) is approximated by the quadratic function of the position X. However, E(X) may be 
approximated by a cubic function or a higher order function. Further, E(X) may be approximated, for example, by an 
exponential function. 

[0084] Returning to Fig. 1, a scanning plate 43, which is composed of a glass substrate, is further installed in the 
vicinity of the wafer holder 38 on the wafer stage 39. A substantially square-shaped aperture pattern 43a is formed in 
a shielding film on the scanning plate 43. A light-collecting lens 44 and a photoelectric detector 45 are arranged on the 
bottom surface side of the scanning plate 43 in the wafer stage 39. A spatial image-measuring system 46, which serves 
as the telecentricity-measuring mechanism, is constructed by the scanning plate 43, the light-collecting tens 44, and 
the photoelectric detector 45. A detection signal S3 obtained by the photoelectric detector 45 Is supplied to a calculating 
section in the exposure control unit 21 . When the telecentricrty of the exposure light beam IL with respect to the wafer 
W is measured, a test reticle, on which a plurality of predetermined evaluating marks are formed, is placed as the 
reticle R. The exposure light beam IL is subjected to the light emission to measure the positions of images of the 
evaluating marks In the X direction and the Y direction by using the spatial Image-measuring system 46. After that, the 
focus position (position of the projection optical system PL in the direction of the optica! axis AX) is changed by a 
predetermined spacing distance with the wafer stage 39, and then the positions of the images of the evaluating marks 
in the X direction and the Y direction are measured again. As a result, the telecentric discrepancy amounts in the X 
direction and the Y direction can be measured from the lateral discrepancy amounts of the images of the evaluating 
marks at the two focus positions. In place of the use of the test reticle, an Image of a fiducial mark (not shown) formed 
on the reticle stage 31 may be detected with the spatial image-measuring system 46 to measure, for example, the 
telecentric discrepancy amount. 

[0085] Next, detailed explanation will be made for the transmittance distribution control mechanism as a part of the 
uneven Illuminance-correcting mechanism of this embodiment. With reference to Fig. 1 , the transmittance distribution 
control mechanism is constructed by the uneven Illuminance-correcting plates 23A, 23B, the rough uneven illuminance- 
correcting plate 24, the driving mechanism 20, and the driving system 25. 

[0086] Figs, 2A and 2C show plan views illustrating shielding patterns of the uneven illuminance-correcting plates 
23A, 23B shown in Fig. 1 respectively. Fig. 28 shows a plan view illustrating the fixed blind 1 7 shown in Fig. 1 . Fig. 2 
shows a state In which the fixed blind 17 is projected onto the installation plane of the movable blind 13, i.e., the 
conjugate plane with respecttothe reticle plane. In Fig. 2, the directions, which correspond to the non-scanning direction 
(X direction) and the scanning direction (Y direction) on the reticle plane, are designated as the X direction and the Y 
direction respectively. In the following description, Ma represents the projection magnification from the installation plane 
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of the movable blind 13 (conjugate plane with the reticle plane) to the reticle plane. For example, it is assumed that 
the projection magnification Ma is 3/2-fold (magnification), the projection magnification p from the reticle plane to the 
wafer plane is 1/4-fold, and the slit width D of the exposure area 35P on the wafer W is 8 mm. On this assumption, the 
width DY1 in the Y direction of the slit-shaped opening 17a of the fixed blind 17 shown In Fig. 2B is represented as 
5 follows. [0061] 



10 



DYl = 8»(l/p)«(l/Ma) 

= 8*4*(2/3) « 21.3 (mm) ...(5) 



[0087] As shown in Fig. 2A, groups of shielding lines 28A. 29A are formed on the pattern plane of the first uneven 

IS illuminance-correcting plate 23A to interpose a transmitting section 23Aa having a width DY2 (> DY1 ) in the Y direction. 
In the first shielding line group 28A. the plurality of shielding lines 26, In each of which the line width is gradually 
thickened toward the central portion from both ends In a manner of quadratic function for the position X In the non- 
scanning direction, are arranged approximately at a pitch P2 In the Y direction. For the purpose of simplification in Fig. 
2 (and in the following drawings as well), the shielding line group 28A is composed of the four shielding lines 26. 

20 However, actually, the shielding line group 28A Is composed of, for example, the shielding lines of about fifty Individuals. 
More correctly, in order to avoid any occurrence of diffraction pattern by the exposure light beam IL, the plurality of 
shielding lines 26 are arranged in the Y direction at the pitch which gradually changes from the pitch P2 by about P2/1 0 
to P2/100. As a result, the convex uneven illuminance of e»X2 (e > 0) corresponding to the expression (4) can be 
corrected by projecting the image of one shielding line 26 onto the illumination area 35 of the reticle R shown in Fig. 

25 1 , because the transmittanc© at the central portion for the exposure light beam IL Is decreased. The convex uneven 
Illuminance of n»e»X2 can be corrected by projecting the Images of n individuals (n = 1,2, 3,...) of the shielding lines 
26. The value of the coefficient e depends on the shape of the shielding line 26. The value is previously stored in the 
storage unit in the main control system 22. Accordingly, the shielding line 26 can be referred to as "secondary shielding 
line for correcting the convex uneven illuminance". 

30 [0088] On the other hand, in the second shielding line group 29A shown In Fig. 2A, the plurality of (four In Fig. 2. but 
actually about fifty) shielding lines 27, in each of which the line width is gradually thickened toward both ends from the 
central portion for the position X in a manner of quadratic function, are arranged In the Y direction at the pitch which 
gradually changes from the pitch P2 by about P2/10 to P2/100. As a result, the concave uneven Illuminance of -e^X^ 
can be corrected by projecting an image of one shielding line 27 onto the illumination area 35 shown in Fig. 1 , because 

35 the transmittance at the central portion for the exposure light beam IL is increased. The concave uneven Illuminance 
of-n»e»X2 can be corrected by projecting the images of n individuals of the shielding lines 27, Accordingly, the shielding 
line 27 can be referred to as "secondary shielding line for correcting the concave uneven illuminance". Each of the 
shielding lines 26, 27 can be formed, for example, by depositing (vapor-depositing) a shield film composed of chromium 
or the like onto a substrate which transmits the exposure light beam. In place of the shield film, a semitransparentfilm, 

40 which transmits the exposure light beam at a predetenmined transmittance, may be used. 

[0089] Further, in this embodiment, the pulse light beam is radiated. Therefore, assuming that d^^, represents the 
distance of movement of the wafer W during one cycle Tj|_ of the pulse light emission, the distance d^»(1/p)»(1/Ma), 
which is obtained by converting the distance dy^, Into the distance on the conjugate plane with respect to the reticle 
plane described above, is set to be different from the pitch P2, for example, by not less than 1 0 %. Further, the distance 
d,^»(1/p)»(1/Ma) is also set to be different from the pitch P2 by not less than about 10 % based on the relationship of 
Integral multiple with each other. Accordingly, the wafer W is prevented from transfer of defocused Images of, for 
example, single shielding lines 26, 27 in the shielding line groups 28A, 29A. 

[0090] As shown in Fig. 2C, a shielding line group 29B for correcting the concave uneven illuminance and a shielding 
line group 28B for correcting the convex uneven illuminance are formed on the pattern plane of the second uneven 

so Illuminance-correcting plate 23B to interpose a transmitting section 23Ba having a width DY2 in the Y direction. The 
shielding line groups 28B, 29B have the same shapes as those of the shielding line groups 28A, 29A of the first uneven 
illuminance-correcting plate 23A respectively. The shielding patterns of the uneven Illuminance-correcting plates 23A, 
23B have the (axisymmetric) shapes inverted in relation to the axis parallel to the X axis with each other. The convex 
or concave uneven illuminance can be corrected by using only the first uneven illuminance-correcting plate 23A as 

55 described above. However, when the two mutually inverted uneven illuminance-correcting plates 23A, 23B are used, 
then it is possible to suppress the occurrence of telecentric discrepancy in the scanning direction, and It Is possible to 
correct th uneven inclination (coefficient c in the expression (4)) (as described in detail later on). 
[0091] As descnbed above, the transmittance with respect to the exposure light beam IL can be corrected in a trans- 
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missive manner by projecting the images of the shielding lines 26, 27 onto the illumination area 35. However, if the 
images of the shielding lines 26, 27 are excessively vivid, It is feared to generate a portion In which the condition that 
the exposure is performed with the number N of exposure pulses represented by the expression (1) on the wafer W 
is not satisfied, even in consideration of the integration effect obtained by the scanning exposure, in order to avoid 

5 such an inconvenience, the shielding patterns of the uneven illuminance-correcting plates 23A, 23B shown in Fig. 1 
are fomrjed on the mutually opposing surfaces, and the formation plane of each of the shielding patterns is installed at 
the position which is greatly defocused with respect to the conjugate plane with the reticle plane as compared with the 
fixed blind 1 7. Further, the shielding lines 26, 27 are formed as patterns to be as fine as possible. For example, each 
of the shielding lines 26, 27 has the shape which is capable of correcting the convex and concave uneven illuminance 

10 in the non-scanning direction of a degree of about ±0.05 % (0.1 % in width) with respect to the average value, Each 
of the shielding line groups 28A, 28B, 29A, 29B is composed of about fifty individuals of the shielding lines 26, 27. 
Therefore, as a whole, the convex and concave uneven illuminance in the non-scanning direction up to about 0 to 10 
% in width can be corrected with a resolution of about 0.1 % in width. 

[0092] It is assumed that 6Z1 represents the def ocus amount of the formation plane of the shielding line of the uneven 
15 illuminance-correcting plate 23A, 238 with respect to the conjugate plane with the reticle plane, NAn_ represents the 
numerical aperture for the exposure light beam on the uneven illuminance-correcting plate 23A, 238, and FD1 repre- 
sents the line width in the scanning direction at the thickest portion of the shielding line 26, 27. On this assumption, it 
is desirable that the defocus amount oZ1 is set to satisfy the following expression. 

\^ 

20 

621 > FD1/(2»NA,l) (6) 



[0093] When a large number of minute dot patterns are used in place of the shielding line 26, 27 as described later 
on, the width in the scanning direction of the largest dot pattern of the dot patterns may be used in place of the line 
width FD1 . When the condition of the expression (6) is satisfied, the shadow from the both ends of each of the shielding 
lines 26, 27, i.e., the point at which the light is completely shielded disappears in the illumination area 35 of the rotlcle 
R. The uneven illuminance in the stationary state Is also decreased. Therefore, the unevenness of the totalized expo- 
sure amount during the scanning exposure is further reduced. As described above, the uneven illuminance-correcting 
plates 23A. 23B of this embodiment make it possible to increase the defocus amount 521 . Therefore, the uneven 
illuminance-correcting plate 23A, 23B may be arranged at a defocused position on the light-outgoing side of the movable 
blind 13. 

[0094] Specifically, with reference to Fig. 2A, the width of the convex shielding line 26 at the both ends is zero, and 
the width at the central portion is about 20 |im. Similarly, the width of the concave shielding line 27 at the central portion 
is zero, and the width at the both ends is about 20 |i.m. Further, the pitch P2 is about 200 ^m, and the discrepancy 
amount of the pitch P2 Is about 5 ^.m. The defocus amount 5Z1 of the uneven Illuminance-correcting plate 23A, 23B 
with respect to the conjugate plane conjugate with the reticle plane is, for example, about 30 mm. The defocus amount 
of the fixed blind 17 is set to be about 1/10 thereof. 

[0095] Fig. 3A conceptually shows a state of defocus of the uneven illuminance-correcting plate 23A (238 as well) 
and the fixed blind 17. With reference to Fig. 3A, the fixed blind 17 (strictly speaking the conjugate image thereof) is 
slightly defocused in the optical axis direction (Z direction) with respect to the conjugate plane RC conjugate with the 
reticle plane. The uneven illuminance-correcting plate 23A is greatly defocused. As a result, the exposure light beam 
IL3, which has passed through the edge portion 1 7a (strictly speaking a conjugate image of the edge portion 1 7a) on 
the fixed blind 17, is slightly widened on the conjugate plane RC (and the wafer plane). Therefore, the illuminance 
distribution of the exposure area 35P shown in Fig. 1 has a trapezoidal shape in the scanning direction SD. In Fig. 3A, 
the illuminance distribution on the conjugate plane RC of the exposure light beam IL3 passed through the fixed blind 
1 7 is conceptually depicted by a shape 1 7b which is approximated to a trapezoid. With reference to Fig. 3A, the exposure 
light beam IL2, which has passed through the edge portion of the shielding line 26 on the uneven illuminance-correcting 
plate 23A, is widened in a circular area having a diameter which is approximately in a degree of 1/2-fold to 1-fold of 
the width in the scanning direction of the opening of the fixed blind 17 on the conjugate plane RC. Therefore, the 
shielding line 26 is projected onto the conjugate plane RC and consequently the exposure area 35P on the wafer W 
in a state of being greatly defocused. 

[0096] When the scanning exposure is performed in this state, as shown in Fig. 3B, the totalized exposure amount 
E, which is obtained by approximately integrating the illuminance of the illumination area on the conjugate plane RC 
shown in Fig. 3A in the scanning direction SD, is obtained at each point on the wafer. Assuming that an approximately 
flat totalized exposure amount distribution is obtained for the position X in a state in which no shielding line 26 Is 
provided, the totalized exposure amount E provides an approximately concave distribution in relation to the position 
X as indicated by a curve 52 by arranging the shielding line 26. This means the fact that the distnbution of the totalized 
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exposure amount In the non-scanning direction on the wafer can controlled by performing the projection while defo- 
casing the shielding line 26, The reason of this fact will be described later on. The exposure light beam IL1, which 
cohries from a point defocused to a greater extent as compared with the uneven Illuminance-correcting plate 23A shown 
in Fig. 3A, represents the exposure light beam from the rough uneven illuminance-correcting plate 24 shown in Fig. 1 . 
5 [0097] -Next, explanation will be made with reference to Fig. 5 for the arrangement of the shielding pattern of the 
rough uneven illuminance-correcting plate 24 included In the uneven illuminance-correcting mechanism. 
[0098] Fig. 5 shows a state in which the rough uneven illuminance-correcting plate 24 is projected onto the reticle 
plane shown in Fig. 1. With reference to Fig. 5, convex shielding lines 26A, 26B, 26C having central portions with 
gradually thinning widths, and concave shielding lines 27C, 27B, 27A having both end portions with gradually widening 

10 widths are formed on the rough uneven illuminance-correcting plate 24 at a pitch DY4 with respect to the scanning 
direction SD (Y direction). The pitch DY4 is set to be wider than the width DR of the illumination area 35 in the scanning 
direction. The driving mechanism 20 shown in Fig. 1 is constructed to be capable of selecting a state in which no image 
of any one of the shielding lines 26A to 26C, 27A to 27C is projected in the illumination area 35, and a state in which 
a defocused image of arbitrary one of the shielding lines 26A to 26C, 27A to 27C is projected, by driving the rough 

IS uneven illuminance-conrecting plate 24 In the Y direction. 

[0099] In this embodiment, each of the thinnest shielding lines 26C, 27C resides In a shielding pattern composed of 
a quadratic curve having an effect of correcting the uneven Illuminance corresponding to about 100 individuals of the 
shielding lines 26, 27 shown in Fig. 2. Each of the shielding lines 26B, 27B and each of the shielding lines 26A, 27A 
reside in shielding patterns composed of quadratic curves having effects of correcting the uneven illuminance in degrees 

20 of about 2-fold and about 3-fold of the shielding lines 26C, 27C respectively. Therefore, when the shielding lines 26A, 
26B. 26C are selected by the driving mechanism 20, it is possible to correct the convex uneven illuminance in a degree 
of about 30%, the convex uneven illuminance in a degree of about 20 %, and the convex uneven illuminance in a 
degree of about 10 % in width in the non-scanning direction respectively. When the shielding lines 27A, 27B, 27C are 
selected by the driving mechanism 20, it is possible to correct the concave uneven illuminance in a degree of about 

25 30%, the concave uneven illuminance in a degree of about 20 %, and the concave uneven illuminance in a degree of 
about 10 % in width in the non-scanning direction respectively. The maximum line width of each of the shielding lines 
26A to 27C is fairly wide as compared with the shielding lines 26, 27 shown in Fig. 2. Therefore, the defocus amount 
of the rough uneven illuminance-correcting plate 24 is set to be about 1 .5 to 2 times those of the uneven illuminance- 
correcting plates 23A, 238 so that the condition to perform the exposure with the integral number of pulses represented 

30 by the expression (1) is satisfied on the entire surface of the wafer. 

[0100] The great degree of correction of the uneven illuminance as described above can be also realized by increas- 
ing the numbers of the shielding lines 26, 27 of the uneven illuminance-correcting plates 23A, 238 shown in Fig. 2 to 
about 200 to 300 individuals respectively. However, in such a case, the number of defocused Images of the shielding 
lines 26, 27 in the exposure area 35P on the wafer is excessively large. It is feared that the condition to perform the 

35 exposure with the integral number of pulses in the expression (1) is not partially satisfied. In other words, when the 
rough uneven illuminance-correcting plate 24 of this embodiment is used, the convex or concave uneven illuminance 
in the non-scanning direction can be roughly corrected in a unit of about 10 7o, while satisfying the condition to perform 
the exposure with the integral number of pulses. 

[0101] When It is known that the uneven illuminance In the non-scanning direction is smaller than about 10 % in 
40 width depending on, for example, the condition of the use of the projection exposure apparatus, it is possible to omit 
the rough uneven illuminance-correcting plate 24. 

[0102] Next, explanation will be made with reference to Fig. 6 for an illustrative arrangement of a driving mechanism 

for the uneven illuminance-correcting plates 23A, 238, of the driving mechanism 20 shown in Fig. 1. 

[0103] Fig. 6A shows a plan view illustrating the driving mechanism for the uneven illuminance-correcting plates 

45 23A, 23B. Fig. 6B shows a front view thereof, and Fig, 6C shows a side view thereof. In Figs. 6A to 6C, the directions, 
which correspond the non-scanning direction (X direction) and the scanning direction (Y direction) shown in Fig. 1 , are 
designated as the X direclion and the Y direction respectively. The area, which is conjugate with Ihe illuminalion area 
35 for the reticle R shown in Fig. 1, is represented by an illumination area 35C. In Figs. 6A to 6C, a pair of guide 
members 54A, 54B are fixed to an unillustrated support member in parallel to the X direction. A frame-shaped X axis 

50 slider 53, which has an opening formed at a central portion for allowing the exposure light beam to pass therethrough, 
is arranged slidably in the X direction along the guide members 54A, 54B. The X axis slider 53 is driven in the X 
direction, for example, by a driving motor 55 based on a feed screw system, 

[01 04] A frame-shaped first Y axis slider 56A is arranged on the X axis slider 53 by the aid of a pair of guide members 
58A arranged in parallel to the Y axis. As shown in Fig. 6D, the first uneven illuminance-correcting plate 23A is held 
55 in a central opening of the Y axis slider 56A. The Y axis slider 56A Is driven In the Y direction by a driving motor 57A 
based on a feed screw system fixed on the X axis slider 53. Further, a frame-shaped second Y axis slider 56B is 
arranged on the X axis slider 63 by the aid of a pair of guide members 58B arranged in parallel to th Y axis so that 
the Y axis slider 56A is covered therewith. As shown in Fig. 6E. the second uneven illuminance-correcting plate 23B 
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is held in a central opening of the Y axis slider 56B. The Y axis slider 56B is driven in the Y direction by a driving motor 
57B based on a feed screw system fixed to the X axis slider 53. 

[0105] In this arrangement, although not shown, linear encoders for the X axis and the Y axis, each of which is based 
on, for example, the optical system, the electrostatic capacity system, or the magnetic system having a resolution of 
5 about 1 jim, are installed for the X axis slider 53 and the Y axis sliders 56A, 568 respectively. The X axis driving motor 
55 and the Y axis driving motors 57A, 578 are driven by using, in a feedback manner, the measured values of the 
corresponding linear motors for the X axis and Y axis respectively. 

Accordingly, the uneven illuminance-correcting plates 23A. 23B can be positioned in the scanning direction (Y direction) 
independently from each other with respect to the illumination area 35C. Further the uneven illuminance-correcting 

10 plates 23A, 238 can be positioned in an integrated manner in the non-scanning direction (X direction) with respect to 
the illumination area35C. As described above, in this embodiment, the uneven illuminance-correcting plates 23A, 238 
are integrally driven in relation to the non-scanning direction. However, for example, in order to correct the uneven 
inclination included in the uneven illuminance, it is desirable to mal<e the arrangement so that the uneven illuminance- 
correcting plates 23A, 238 may be driven independently from each other in relation to the non-scanning direction as 

15 well. 

[0106] Next, explanation will be made with reference to Figs. 7 to 9 for an example of the operation for correcting 
the uneven Illuminance by using the uneven Illuminance-correcting mechanism of this embodiment. In the following 
description, the uneven illuminance-correcting plates 23A, 238 and the fixed blind 17 are illustrated In a state of being 
projected onto the conjugate plane (arrangement plane of the movable blind 1 3) with respect to the reticle plane shown 

20 in Fig. 1. In this case, the uneven illuminance-correcting plates 23A, 238 and the fixed blind 17 are defocused from 
the conjugate plane by predetermined amounts respectively. Therefore, predetermined fuzziness appears on each of 
the projected images thereof. Accordingly, as shown In Fig. 7, in order to illustrate the defocused state of the projected 
images, circular defocused images are also depicted in a superimposed manner, which are radiated from the shielding 
lines of the uneven illuminance-correcting plates 23A, 23B (larger circle) and single points on the edge portion of the 

25 opening of the fixed blind 17 (smaller circle) and which are projected onto the conjugate plane. 

[0107] Fig. 4A shows a plan view illustrating the second uneven illuminance-correcting plate 238. Fig. 4B shows a 
view in which the concave shielding line 27 shown in Fig. 4A is magnified in the Y direction. Fig. 4C shows a view in 
which the convex shielding line 26 shown in Fig. 4A is magnified in the Y direction. In Fig. 4A, the circular areas 
represent defocused images 51 which are formed on the conjugate plane with respect to the reticle plane by the 

30 exposure light beam passing through an array of a large number of virtual points disposed along center lines of two 
shielding lines 26 located at both ends of the shielding line group 28B and an array of a large number of virtual points 
disposed along center lines of two shielding lines 27 located at both ends of the shielding line group 29B respectively. 
This means the fact that the images of the shielding lines 26, 27 are projected onto the wafer in a defocused state in 
a form in which their original shapes scarcely remain. 

35 [0108] At first, Fig. 7A shows a state in which the uneven illuminance-con-ecting plates 23A, 238 are moved to the 
outside in the scanning direction SD so that the defocused images 518 (Images of virtual points disposed along a 
center line of the shielding line group in this case as well) of the respective shielding line groups 28A, 28B, 29A, 298 
of the pair of uneven illuminance-correcting plates 23A, 238 do not enter the defocused image 51 S of edge portions 
in the X direction of the opening 1 7a of the fixed blind 1 7, i.e., a state in which the uneven illuminance is not corrected 

^0 at all by using the uneven illuminance-correcting plates 23A, 238 in the illumination area 35 shown in Fig. 1. In this 
case, it is assumed that the uneven illuminance is not corrected by using the rough uneven illuminance-correcting plate 
24 as well. 

[0109] As having been explained with reference to Fig. 15A, the illuminance-measuring section 42 shown in Fig. 1 
is used in this state to measure the illuminance distribution E(X) in the non-scanning direction (X direction) in the 
-^5 exposure area 36P of the image plane of the projection optical system PL, I.e., the totalized exposure amount distri- 
bution in the non-scanning direction on the wafer W. 

[0110] Fig. 7B shows several examples of the result of the measurement of the illuminance distribution E(X). In Fig. 
78, the horizontal axis indicates the position in the X direction in the exposure area 35 P, and the vertical axis indicates 
the value E(X) of the illuminance integrated in the scanning direction at the respective positions X. This assumption 

so also holds in Fig. 8B and Fig. 98 described later on. With reference to Fig. 78, when the measurement result of the 
illuminance distribution E(X) is flat as indicated by a solid straight line 62, it is unnecessary to perfonn the correction 
for the uneven illuminance by using the uneven illuminance-correcting plates 23A, 23B and the rough uneven illumi- 
nance-correcting plate 24. On the other hand, when the measurement result of the illuminance distribution E(X) in the 
non-scanning direction indicates the convex uneven illuminance depicted by a curve 63A of dotted line, the concave 

55 uneven illuminance depicted by a curve 63B of dotted line, the uneven inclination depicted by an inclined straight line 
63C of dotted line, or other types of the uneven illuminance, and the uneven illuminance exceeds about ±0.1 % (0.2 
% in width) with resp ct to the average value, th n the uneven illuminance is corrected under the control of the main 
control system 22 shown in Fig. 1, 
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[01 1 1] When the uneven illuminance is, for example, not less than about 1 0 % In width, the rough uneven illuminance- 
correcting plate 24 is firstly positioned in the scanning direction SD as shown in Fig. 5 to project projection images of 
appropriate shielding lines of the shielding lines 26A to 27A onto the illumination area 35 so that the uneven illuminance 
in the non-scanning direction is included within about 10 % in width. The remaining uneven illuminance Is corrected 

5 by using the uneven illuminance-correcting plates 23A, 23B. 

[0112] Specifically, as Indicated by a curve 61 A of solid line shown in Fig. 8B, when the convex uneven Illuminance 
remains in the illuminance distribution E{X), the uneven Illuminance-correcting plates 23A, 23B are driven symmetrically 
in the Y direction with respect to the optical axis lAX of the illumination optical system as shown in Fig. 8A to symmet- 
rically project defocused images of a part of the shielding line group 28A for correcting the convex uneven illuminance 

10 of the uneven illuminance-correcting plate 23A and a part of the shielding line group 288 for correcting the convex 
uneven illuminance of the uneven illuminance-correcting plate 23A onto the illumination area (projected image of the 
opening 17a). 

The driving amounts of the uneven illuminance-correcting plates 23A, 238 in this procedure are set so thatthe correction 
amount for the illuminance offsets the convex uneven illuminance as indicated by a curve 61 B of solid line shown in 

15 Fig. 88. As a result, the illuminance distribution E(X) In the non-scanning direction after the correction Is flat as indicated 
by a curve 61 C of doned line. In this case, the relationship between the driving amounts of the uneven illuminance- 
correcting plates 23A, 23B and the amount of correction of the uneven Illuminance is actually measured beforehand, 
and the relationship is stored in the storage unit of the main control system 22. The main control system 22 sets the 
driving amounts of the uneven illuminance-correcting plates 23A, 23B on the basis of the stored relationship. As un- 

20 derstood from Fig. 88, the average illuminance is lowered due to the correction of the uneven illuminance. Therefore, 
the correction Is also made for the coefficient for calculating the illuminance on the wafer W from the measured value 
of the integrator sensor 1 9 shown in Fig. 1 . As a result, the totalized exposure amount in the respective shot areas on 
the wafer W after the scanning exposure is approximately uniform, and it substantially coincides with the target value. 
[0113] In this case, the defocused images of the shielding line groups 28A, 288 are projected symmetrically in the 

25 Y direction in the illumination area in this embodiment. Therefore, the telecentriclty is not changed. 

[0114] In order to further decrease the uneven illuminance, the illuminance distribution E{X) of the exposure area 
35P may be actually measured by using the illuminance-measuring section 42 shown in Fig. 1 after driving the uneven 
illuminance-correcting plates 23A, 238 to finely adjust the positions of the uneven illuminance-correcting plates 23A, 
238 so that any residual value is offset if any uneven illuminance remains in the actually measured value. Further, it 

30 is desirable that the average illuminance of the exposure area 35P is measured again by using an unillustrated radiation 
amount monitor on the wafer stage 29 after the correction operation to update the coefficient for calculating the illumi- 
nance on the wafer from the measured value of the integrator sensor 19. Accordingly, it is possible to improve the 
uniformity of the totalized exposure amount and the accuracy with respect to the target value. 

[01 1 5] When the concave uneven illuminance is measured in place of the curve 61 A shown in Fig. 8B, the following 
35 procedure may be adopted. That is, with reference to Fig. 88, the uneven Illuminance-correcting plates 23A, 238 are 
further driven symmetrically in the Y direction in order to correct the concave uneven illuminance. Accordingly, the 
Images of the shielding line groups 29A, 29B for correcting the concave uneven illuminance are projected onto the 
inside of the illumination area (projected image of the opening 1 7a). 

[0116] For example, when the collapse amount in the Y direction is measured for the telecentriclty measured by 
40 using the spatial image-measuring system 46 shown In Fig. 1 , the driving amounts in the Y direction of the uneven 
illuminance-correcting plates 23A, 238 (shielding line groups 28A, 288) as shown in Fig. 8A may be allowed to differ 
so that the telecentric discrepancy amount is offset. Accordingly, the uneven illuminance and thetelecentric discrepancy 
can be corrected simultaneously. 

[01 17] On the other hand, when the concave uneven illuminance, which has the center at the position shifted In th 
^5 X direction from the optical axis AX of the projection optical system PL, remains In the Illuminance distribution E(X) as 
indicated by a cun^e 60A of solid line shown in Fig. 9B, the uneven illuminance-correcting plates 23A, 23B are driven 
in the Y direction as shown in Fig. 9A to project defocused images of parts of the shielding line groups 29A, 298 for 
correcting the concave uneven illuminance onto the inside of the illumination area. Further, the uneven illuminance- 
correcting plates 23A, 238 are integrally driven in the non-scanning direction (in the -X direction in Fig. 9) in the amount 
50 (designated as 'W4") con-esponding to the shift amount of the concave uneven Illuminance in the X direction. Accord- 
ingly, the correction amount for the illuminance brought about by the uneven illuminance-correcting plates 23A, 238 
is set so that the shifted convex uneven illuminance is offset as indicated by a curve 608 of solid line shown in Fig. 
9B. As a result, the illuminance distribution E(X) in the non-scanning direction after the correction is flat as Indicated 
by a dotted straight line 60C. The totalized exposure amount on the wafer W after the scanning exposure is uniform, 
55 and it substantially coincides with the target value. 

[0118] When the remaining uneven illuminance is the uneven inclination as indicated by the straight line 63C shown 
in Fig. 78, for example, the first uneven illuminance-correcting plate 23A shown in Fig. 9A may be driven in the -Y 
direction and the +X direction to arrange the shielding line group 28A for correcting the convex uneven illuminance 
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after being shifted by A/4 in the +X direction in place of the shielding line group 29 A. During this process, the correction 
amount for the uneven inclination can be controlled by adjusting the driving amounts of the uneven illuminance-cor- 
recting plates 23A, 23B in the Y direction and the shift amount A/4 in the X direction. 

[0119] Explanation will now be made for the relationship between the shapes of the shielding line groups 28A, 28B, 
5 29A, 29B and the driving amount and the correction amount for the uneven illuminance. At first, as having been already 
explained, the projection magnification from the arrangement plane (conjugate plane with respect to the reticle plane) 
of the movable blind 1 3 to the reticle plane is Ma, and the projection magnification from the reticle R to the wafer W is 
p. Further, it is assumed that NApL represents the numerical aperture of the exposure light beam on the wafer W, a 
represents the coherence factor (a value) of the exposure light beam on the reticle R, 521 represents the average 
10 value of the defocus amounts of the formation planes of the shielding lines on the uneven illuminance-correcting plates 
23A, 238, and FD1 represents the width of the shielding line in the scanning direction. On this assumption, the f uzziness 
width 5Y1 of the Image of the shielding line on the conjugate plane conjugate with the reticle plane is as follows. 



15 



30 



35 



45 



so 



6Y1 = 2«»5Z1»NApL*oopoMa + FD1 (7) 



[01 20] When it is assumed thatthe magnification p is 1/4-fold, the magnification Ma is 3/2 -fold, the numerical aperture 
NApL is 0.6 to 0.85, a (coherence factor) is 0.3 to 0.9, the defocus amount 6Z1 is 30 mm, and the line width FD1 is 
0.02 mm, then the fuzziness width 5Y1 of the Image of the shielding line on the conjugate plane varies within the 
2^ following range. 

about 4.1 (mm) < 5Y1 < about 17.5 (mm) (8) 

25 [0121] Assuming that the width (silt width) of the exposure area 35P on the wafer W in the scanning direction is 8 
mm, the slit width on the conjugate plane with respect to the reticle plane is about 21 .3 mm according to the expression 
(5). Accordingly, the uneven illuminance Fx1 in the stationary state in the exposure area 35P is approximately calculated 
as follows by using the fuzziness width 5Y1 in the expression (7) under the condition in which the fuzziness width is 
the smallest, i.e., under the condition in which the numerical aperture NAp^ is 0.6 and o is 0.3. 



Fxl = <FD1«6Y1/(ji:<»8Y1^)}x100 (%) 

= [0-02x4. 1/(3104. I^)]xl00 = 0.6 (%) (9) 



[01 22] Therefore, it is appreciated that the def ocused projected images of the shielding line groups 28A, 29A scarcely 
affect the uneven illuminance. Further, the uneven illuminance Fxl is actually reduced to a great extent owing to the 
^ integration effect brought about by the scanning exposure. 

40 [0123] On the basis of the foregoing results, the relationship between the shape of the shielding line group 28A, 29A 
and the driving amount and the correction amount for the uneven illuminance in the non-scanning direction (dispersion 
of the totalized exposure amount in the non-scanning direction) is detennlned in accordance with the computer simu- 
lation. Obtained results are shown in Table 1 . In this procedure, it is assumed that the defocus amount 6Z1 is 30 mm. 
In Table 1 , the number of lines indicates the number of the shielding lines 26, 27 in the shielding line group 28A, 29A, 
the line width (FD1 ) (mm) indicates the maximum width of the shielding line 26, 27, and the line Interval indicates the 
pitch of the shielding lines 27, 27 in the scanning direction. However, as having been already explained, the line Interval 
Is set to be gradually narrowed by 0.005 mm In order to avoid any occurrence of Interference light. The line interval 
shown in Table 1 represents, with an approximate value, the pitch of the shielding lines entered the illumination area 
just before. In Table 1 , the shielding width (mm) represents a total value of the maximum widths of all of the shielding 
lines 26, 27 for shielding the exposure light beam, i.e., a product of the number of lines and the line width. The driving 
amount (mm) represents the symmetric movement amount in the Y direction of the uneven illuminance-correcting plate 
23A, 23B shown in Fig. 7. The uneven illuminance correction amount (%) represents the width of the uneven illuminance 
correction amount with respect to the average value of the illuminance in the non-scanning direction. 

55 
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Table 1 



10 



15 



20 



25 



30 



35 



40 



Number of lines 


Line width (mm) 


Line interval 
(mm) 


Shielding width 
(mm) 


Driving amount 
(mm) 


Uneven 
illuminance 
correction 
amount (%) 


2 


0.02 


0.200 


0.04 


0.20 


0.19 


4 


0.02 


0.199 


0.08 


0.40 


0.38 


6 


0.02 


0.198 


0.12 


0.60 


0.56 


8 


0.02 


0.197 


0.16 


0.79 


0.75 


10 


0.02 


0.196 


0.20 


0.99 


0.94 


20 


0.02 


0.191 


0.40 


1.96 


1.88 


30 


0.02 


0.186 


0.60 


2.90 


2.81 


40 


0.02 


0.181 


0.80 


3.81 


3.75 


50 


0.02 


0.176 


1 .00 


4.70 


4.69 


60 


0.02 


0.171 


1.20 


5.57 


5.63 


70 


0.02 


0.166 


1.40 


6.41 


6.56 


80 


0.02 


0,161 


1.60 


7.22 


7.50 


90 


0.02 


0.156 


1.80 


8.01 


8.44 


100 


0.02 


0.151 


2.00 


8.78 


9.38 


110 


0.02 


0.146 


2.20 


9.52 


10.31 


120 


0.02 


0.141 


2.40 


10.23 


11.25 


130 


0.02 


0.136 


2.60 


10.92 


12.19 



[0124] Actually, the fuzziness portion of the projected image of the shielding line 26, 27 also enters the inclined 
section of the trapezoidal Illuminance distribution of the exposure area (for example, the illuminance distribution F(Y) 
shown in Fig. 15C). Therefore, the maximum value of the correction amount of the uneven illuminance is decreased 
by about several %. However, the driving amount of the uneven illuminance-correcting plate 23A, 23B can be contin- 
uously controlled at an accuracy of about 0.01 mm. The uneven Illuminance can be corrected approximately In pro- 
portion to the driving amount Therefore, the uneven illuminance can be corrected at an accuracy of about 0.01 %, 
When the number of lines is 130, then the number of the shielding lines 26, 27 in the shielding line group 28A, 29A is 
65, and the width of the shielding line group 28A, 29A in the scanning direction is 10.8 mm. 

[0125] According to the results described above, the size of the uneven illuminance-correcting plate 23A, 23B and 
the driving stroke in the scanning direction are determined as follows corresponding to the results shown in Table 1. 
It is assumed that the magnification p is 1/4-fold, the magnification Ma is 3/2-fold, and the fuzziness width 8Y1 of the 
image of the shielding line is the maximum value (17.5 mm) in the expression (8). Further it is assumed that the margin 
for the size is 12 mm, the correction amount for the uneven inclination in the non-scanning direction (movement amount 
A/4 in the X direction shown in Fig. 9) is 4 mm, and the margin forthe driving amount in the scanning direction is 1 .7 mm. 
[0126] Width in scanning direction 



45 



50 



55 



= 8x4/1.5 + 10,8x2 + 17.5x2 + 12 (margin) 
= 90 (mm) 
Width in non-scanning direction 



..(10) 



= 25x4/1.5 +17.5+4 (inclination correction amount) 
+ 12 (margin) 

= 100 (mm) -..(11) 
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10 



15 



20 



25 



30 



35 



40 



45 



SO 



Driving stroke in scanning direction 

= ±(17.5 + 10.8 + 1.7 (margin)) 
= ±30 (mm) 

(± corresponds to amount of irregularity) ..-(12) 



[0127] In the embodiment described above, for example, the uneven illuminance in the non-scanning direction is 
measured periodically by using the illuminance-measuring section 42 shown in Fig. 1. The uneven illuminance-cor- 
recting plates 23A, 23B and the rough uneven illuminance-correcting plate 24 are driven so that the obtained result of 
the measurement is corrected. Another operation may be performed as follows. For example, the relationship between 
the working time measured by using a timer and the amount of change of the uneven illuminance is measured before- 
hand with respect to another projection exposure apparatus of the identical type. The relationship may be stored as a 
table in the storage unit of the main control system 22 of the projection exposure apparatus of this embodiment. In this 
case, the stale of the uneven illuminance is postulated by using the table depending on the working time. The uneven 
illuminance-correcting plates 23A, 23B and the rough uneven illuminance-correcting plate 24 are driven so that the 
postulated uneven illuminance is corrected. Accordingly, it is possible to omit the operation for measuring the illumi- 
nance distribution based on the use of the illuminance-measuring section 42. Thus, the throughput in the exposure 
step is improved. 

[0128] Next, explanation will be made for various modified embodiments of the uneven illuminance-correcting plate 
23A, 23B of the embodiment described above. 

[0129] Fig. 10 shows uneven illuminance-correcting plates 23C, 23D of a first modified embodiment as illustrated 
corresponding to the uneven illuminance-correcting plates 23A, 238 shown in Fig. 8A. With reference to Fig. 10, two 
pairs of convex uneven illuminance-correcting shielding line groups 28A and two pairs of concave uneven illuminance- 
correcting shielding line groups 29A are formed in parallel on the first uneven illuminance-correcting plate 23C. Two 
pairs of shielding line groups 28B and two pairs of shielding line groups 29B are formed in parallel on the second 
uneven illuminance-correcting plate 23D. That is. the shielding line groups are formed on each of the uneven illumi- 
nance-correcting plates 23C, 23D in an area which is twice as large as that of each of the uneven illuminance-correcting 
plates 23A, 23B shown in Fig. 8. In this arrangement, the entire area of the image of the opening 1 7a of the fixed blind 
17 (illumination area 35) can be covered with the shielding line groups 28A, 29A (or 28B, 29B) of one sheet of the 
uneven illuminance-correcting plate 23C (or23D). 

[0130] In this modified embodiment, as shown in Fig. 1 0, for example, the uneven Illuminance-correcting plates 23C, 
23D are driven so that the shielding line group 28A of the uneven illuminance-con*ecting plate 23C and the shielding 
line group 28B of the uneven illuminance-correcting plate 23D are arranged alternately in the scanning direction in the 
image of the opening 17a. As a result, the shielding area can be twice as large as that of the case shown in Fig. 8. 
The convex uneven illuminance, the concave uneven Illuminance, and the uneven Inclination can be corrected with a 
wide range which is twice as large as that of the case shown in Fig. 8. However, in the example shown in Fig. 10, the 
driving amount In the scanning direction of each of the uneven illuminance-correcting plate 23C, 23D is about two-fold. 
Therefore, when it is intended to preferentially miniaturize the projection exposure apparatus, the illustrative arrange- 
ment shown in Fig. 8 may be used. 

[0131] The correction range for the uneven illuminance may be widened by gradually narrowing the spacing distance 
between the shielding lines 26, 27 In the shielding line groups 28A, 29A, or by gradually thickening the maximum line 
width of the shielding lines 26, 27, in place of the procedure shown in Fig. 10 in which the area of the shielding line 
group 28A, 29A is widened. 

[0132] The shielding line 26, 27 of this embodiment has the shape in which the line width is changed in a form of 
quadratic function in relation to the position in the non-scanning direction. However, the shielding line 26, 27 may have 
a shape in which the line width is change, for example, in a fonri of cubic function or higher orderf unction or exponential 
function. Further, the shape of the shielding line 26, 27 may be determined so as to correct the dispersion of the 
illuminance distribution E(X) actually measured by using the illuminance-measuring section 42 as shown in Figs. 15A, 
15B. Another arrangement may be available, in which the uneven illuminance-correcting plate 23A, 23B may be ex- 
changed with an uneven illuminance-correcting plate fomned with special shielding lines to correct the uneven illumi- 
nance actually measured as described above, during the operation of the projection exposure apparatus of this em- 
bodiment. Accordingly, it is possible to respond to the occurrence of unexpected irregular uneven illuminance. 
[0133] Especially, this technique is effective to correct the variation of the uneven Illuminance in short period caused 
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by the difference in transnnittance of the reticle pattern in the non-scanning direction. When the operation is actually 
performed, the uneven illuminance-con-ecting plate may be exchanged or switched to be used depending on the var- 
iation characteristic inherent in each of the projection optical systems. Further the following procedure may be available 
in place of the exchange of the uneven illuminance-correcting plate 23A, 23B. That is, a plurality of fixed blinds (fixed 

5 blinds having defomned openings) are prepared, each of which has an opening in which the width in the non-scanning 
direction is gradually changing with different characteristics in order to control the totalized exposure amount distribu- 
tion. The fixed blind 17 may be exchanged with the fixed blinds described above. Alternatively, the irregular uneven 
illuminance may be corrected by inserting/withdrawing or exchanging a specialized uneven illuminance-correcting plate 
corresponding to the fixed blind having the deformed opening on the conjugate plane with respect to the reticle plane 

10 or a plane defocused from the conjugate plane. 

[0134] In this arrangement, in order to principally correct the uneven illuminance in the non-scanning direction, the 
shielding line group 28A, 29A is composed of the shielding lines with which neither diffracted light nor scattered light 
is generated in the non-scanning direction. Therefore, it is feared that any uneven illuminance remains in the scanning 
direction when the static exposure is performed. Accordingly, when the method for correcting the uneven illuminance 

15 of the embodiment described above is adopted to a projection exposure apparatus (for example, a stepper) of the 
static exposure type (full field exposure type), an uneven illuminance-correcting plate, in which a large number of light- 
shielding dot patterns are formed in a density distribution independent In the X direction and the Y direction, may be 
used in place of the uneven illuminance-correcting plate 23A, 23B to control the density distribution of the large number 
of light-shielding dot patterns so that the uneven illuminance is offset over the entire surface of the exposure area. 

20 However, it is also feared that any speckle or the like occurs in the two directions depending on, for example, the size 
and the interval of the dot pattem. Therefore, it is necessary to make the design so that the speckle or the like is 
suppressed. It is needless to say that the uneven illuminance-correcting plate, in which the large number of light- 
shielding dot patterns are formed in the density distribution independent in the X direction and the Y direction, is also 
applicable to the exposure apparatus of the scanning exposure type. 

25 [0135] Fig. 11 A shows an uneven illuminance-correcting plate of a second modified embodiment. With reference to 
Fig. 11 A, shielding lines 64A, 64B for correcting the concave uneven illuminance, in which the line width is gradually 
changed in the non-scanning direction (X direction), are depicted on unillustrated two transmissive substrates. The 
shielding lines 64A, 64B (unillustrated substrates) are constructed so that they may be continuously driven independ- 
ently in the X direction with respect to the illumination area 35 on the reticle. In this modified embodiment, in order to 

30 correct the concave uneven illuminance in the non-scanning direction, the shielding lines 64A, 64B are gradually moved 
inwardly in the X direction as shown in Figs. 11 B and 11 C depending on the increase in degree of the uneven illumi- 
nance. When the two shielding lines 64A, 64B are arranged centrally asymmetrically with respect to the illumination 
area 35 as described above, the telocentric discrepancy can be also corrected continuously together with the concave 
uneven illuminance. 

35 [0136] Further, as shown in Fig. 11 D, a shielding line 65 for correcting the convex uneven illuminance is arranged 
movably in the X direction. The shielding line 65 is combined with the shielding lines 64A, 64B for correcting the convex 
uneven illuminance described above. Thus, it is possible to correct the uneven illuminance of various characteristics 
and the telecentric discrepancy. 

[0137] Fig. 12 shows a shielding line of a third modified embodiment. Fig. 1 2A illustrates the shielding line 26 used 
40 In the embodiment shown in Fig. 8. Fig. 1 28 Illustrates a shielding pattern 66 in which identical dot patterns composed 
of a large number of minute shielding films are depicted with a density distribution to make change, for example, 
substantially in a form of quadratic function with respect to the non-scanning direction so as to possess substantially 
the same shielding characteristic as that of the shielding line 26. The shielding pattern 66 can be used in place of the 
shielding line 26. 

45 Accordingly, it Is possible to further reduce the uneven Illuminance during the static exposure. 

[0138] As for the shielding pattern 66, the spacing distances between the respective adjoining dot patterns are set 
as randomly as possible so that no uneven illuminance is caused by the occurrence of any speckle pattern in the 
illumination area on the reticle. In place of the control of the density distribution of the large number of identical dot 
patterns, a large number of dot patterns, which have different sizes and different shapes, may be arranged at a density 

50 of an approximately identical number. A large number of dot pattems, which have different concentrations (transmit- 
tances), may be arranged at a density of an approximately identical number. In order to change the concentration 
(transmittance), for example, the thickness of a chromium film as the light-shielding film may be changed. 
[0139] Next, explanation will be made with reference to Figs. 13 and 14 for another example of the embodiment of 
the present invention. In the embodiment described above, in order to satisfy the condition of the expression (1) in 

55 which the exposure is performed with the integral number of pulses for the respective points on the wafer W, the shape 
of the opening 17a of the fixed blind 17 shown in Fig. 2 resides in the rectangular area with the constant width in the 
scanning direction. On the contrary, as shown in Fig. 1 3A, a fixed blind 1 7 of this embodiment is formed with an opening 
17b in which the width in the scanning direction SD changes so that the previously measured uneven illuminance in 
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the non-scanning direction is offset. 

[0140] A trapezoidal polygonal line 67 shown in Fig. 13B indicates an illuminance distribution F(Y) in the scanning 
direction (Y direction) at a certain position X in the non-scanning direction of the exposure area as a projected image 
of the opening 17b shown in Fig. 13A onto the wafer. With reference to Fig. 13B, the width (slit width) D(X) in the 
5 scanning direction at the position at which the illuminance is F1/2 with respect to the maximum illuminance F1 is the 
width of the exposure area at the position X In this embodiment as well. When the opening of the fixed blind 17 is the 
rectangular opening 17a indicated by dotted line, the slit width is constant irrelevant to the position X. However, the 
slit width D(X) of this embodiment changes depending on the position X. Under this condition, in order to substantially 
satisfy the condition to perform the exposure with an Integral number of pulses in the expression (1 ) at the respective 

10 points on the wafer, attention is paid in this embodiment to the fact that the width DE in the scanning direction of an 
inclined portion of the trapezoidal illuminance distribution F(Y) shown in Fig. 1 3B is substantially constant irrelevant to 
the position X. The condition to perform the exposure with an integral number of pulses is imposed on the width DE. 
That is, the exposure is performed with a common integral number of pulses for the respective points during a period 
in which the respective points on the wafer W are moved by the width DE in the scanning direction. 

15 [0141] Fig. 14 shows an example of the timing of the pulse light emission during the scanning exposure in this 
embodiment, and a comparative example. At first, a polygonal line 67A shown In Fig. 14A indicates an illuminance 
distribution In the scanning direction of the exposure area when the silt width is constant in the non-scanning direction 
as in the embodiment shown in Fig. 2. When the scanning exposure is performed with the Illuminance distribution 
shown in Fig. 14A, for example, the pulse light emission of Ihe exposure light beam is performed every lime when 

20 predetermined one point on the wafer arrives at a position 68 In the Y direction at an approximately equal interval. 

[01 42] On the other hand, a polygonal line 678 shown in Fig. 1 4B indicates an illuminance distribution in the scanning 
direction of the exposure area at a certain position X when the slit width is changed in the non-scanning direction as 
in Fig. 13B of this embodiment. When the scanning exposure is performed with the illuminance distribution shown in 
Fig. 14B, the exposure is performed with an integral number of pulses during the period in which the respective points 

25 on the wafer pass over inclined portions 67Ba, 67Bb of the trapezoidal illuminance distribution indicated by the polyg- 
onal line 67B respectively. Specifically, the pulse light emission of the exposure light beam is perfomied every time 
when predetermined one point on the wafer arrives at the position 69 in the Y direction at an approximately equal 
interval. Accordingly, the exposure is perfonned with an identical number of pulses (five individuals in Fig. 148) for the 
rising inclined portion 678a and the falling inclined portion 678b of the trapezoidal illuminance distribution. Thus, the 

30 totalized exposure amount distribution Is made to be uniform. 

[0143] As described above, for example, the following methods are conceived in order that the number of exposur 
pulses is the integral number at the inclined portion with the width DE of the trapezoidal illuminance distribution, i.e., 

(A) the method in which the scanning velocity of the wafer stage 39 shown in Fig. 1 is changed, (B) the method in 
which the pulse light emission frequency of the exposure light source 1 is changed, and (C) the method in which the 

35 width DE of the inclined portion of the trapezoidal illuminance distribution shown in Fig. 14B Is changed. Among these 
method, the throughput is sometimes lowered in the case of the method in which the scanning velocity is changed as 
in the method (A). The method (C) is sometimes difficult to be used, because the width of the inclined portion of the 
illuminance distribution is changed, for example, when the modified illumination is perfomried. Therefore, the method 

(B) , in which the pulse light emission frequency is changed, is considered to be most practical. 

40 [0144] In the embodiment described above, both of the uneven illuminance and the telecentric discrepancy amount 
are corrected. However, only any one of them may be corrected. Further, the telecentric discrepancy amount may be 
divided into Its components concerning the X direction and the Y direction, and only any one of them may be corrected 
in some cases. 

[0145] In the embodiment described above, the fly's eye lenses 6, 9 are used as the optical integrator. However, it 
45 is clear that the present Invention is also applicable when an Inner surface-reflecting type Integrator (rod integrator) Is 
used as the optical integrator. Further, the embodiment described above is based on the use of the illumination optical 
system ILS of the so-called double fly's eye lens system in which the fly's eye lens system 6, 9 disposed at the two 
stages are used. However, the present invention is also applicable when an illumination optical system is used, which 
is based on the use of only one stage optical integrator (for example, a fly's eye lens and a rod integrator). Further, the 
50 diffractive optical element (DOE) described above may be used as the optical integrator not only for the modified 
illumination but also, for example, for the ordinary Illumination and the small a value illumination. Of course, in this 
case, it is desirable that a plurality of diffractive optical elements are prepared, and they are exchanged depending on 
the illumination condition. 

[0146] In the embodiment described above, the projection optical system PL may forni an intemiediate image of the 
55 reticle pattern at least once between the object plane (reticle plane) and the image plane (wafer plane). In this case, 
at least one of the uneven illuminance-correcting plates 23A, 238 and the rough uneven illuminance-correcting plate 
24 may be arranged whil being defocused from the intermediate image plan by a predetermined spacing distance. 
In addition thereto or singly, at least one of the movable blind 13 and the fixed blind 17 may be arranged at the inter- 
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mediate image plane or a plane defocused by a predetermined spacing distance therefrom. 

[0147] In the embodiment described above, the present Invention is applied to the projection exposure apparatus 
baised on the scanning exposure system. However, the present Invention is also applicable to an exposure apparatus 
based on, for example, the proximity system in which no projection system is used. Further, the exposure light beam 

5 (exposure beam) is not limited to the ultraviolet light beam described above. For example, the EUV light beam in the 
soft X-ray region (wavelength: 5 to 50 nm) generated from the SOR (Synchrotron Orbital Radiation) ring or the laser 
plasma light source may be used. In the case of the EUV exposure apparatus, the illumination optical system and the 
projection optical system are constructed by only a plurality of reflective optical elements respectively. Further, for 
example, the rough uneven illuminance-correcting plate and the uneven illuminance-correcting plate described above 

10 are also those of the reflecting type. 

[0148] A semiconductor device can be produced from the wafer W shown in Fig. 1 . The semiconductor device is 
produced by performing, for example, a step of designing the function and the performance of the device, a step of 
producing a reticle based on the foregoing step, a step of manufacturing the wafer from a silicon material, a step of 
exposing the wafer with a pattern on the reticle by using the projection exposure apparatus of the embodiment described 

15 above, a step of assembling the device (including a dicing step, a bonding step, and a packaging step), and an inspec- 
tion step. 

[0149] The way of use of the exposure apparatus Is not limited to the exposure apparatus for producing the semi- 
conductor element. The present invention is also widely applicable, for example, to the exposure apparatus for the 
liquid crystal display element formed on an angular glass plate or for the display device such as the plasma display, 
20 and the exposure apparatus for producing various devices including, for example, the image pickup element (for ex- 
ample, CCD), the micromachine, and the thin film magnetic head. Further, the present invention is also applicable to 
the exposure step (exposure apparatus) to be used when the mask (for example, photomask and reticle) formed with 
the mask pattern of various devices is produced by using the photolithography step. 

[0150] It is a matter of course that the present invention is not limited to the embodiments described above, which 
25 may be embodied in other various fomns without deviating from the gist or essential characteristics of the present 
invention. For example, an opening shape of a fixed blind disclosed In Japanese Patent Application Laid-Open No. 
7-142313 and EP 0,633,506 A1 corresponding thereto may be utilized in combination with the present invention. Dis- 
closure of these documents is incorporated herein by reference. 

[0151] According to the present invention, the transmittance distribution in the non-scanning direction with respect 
30 to the exposure light beam can be controlled when the exposure is perfonned in accordance with the scanning exposure 
system. Accordingly, it Is possible to enhance the unifomnity of the totalized exposure amount distribution on the sub- 
strate (wafer) after the scanning exposure orthetelecentricity of the exposure light beam (exposure beam). Therefore, 
it is possible to mass-produce the device having the high function at a high yield. 

[0152] When the width in the scanning direction of the exposure area of the exposure light beam is defined so that 
35 the exposure light beam is radiated substantially with the integral number of pulses during the period in which the point 
on the substrate passes over the exposure area, it is possible to enhance the uniformity of the totalized exposure 
amount on the substrate when the scanning exposure is performed by using the pulse light beam as the exposure light 
beam. 

[0153] According to the present invention, even when the variation of the transmittance (including the variation of 
40 the reflectance) of the optical member occurs on the optical path of the exposure light beam, the transmittance is 
controlled so that the variation amount is offset. Accordingly, it is possible to easily enhance the uniformity of the 
totalized exposure amount after the scann ing exposure on the substrate or the telecentricity of the exposure light beam. 
[0154] According to the second exposure method of the present Invention, for example, when the distribution of the 
totalized exposure amount is controlled by gradually changing the width of the exposure area on the substrate in the 
^5 non-scanning direction, it is possible to satisfy the condition to perform the exposure substantially in the amount cor- 
responding to the Integral number of pulses for the respective points on the substrate. Thus, the unlfomriity of the 
totalized exposure amount distribution is improved. 

so Claims 

1 . An exposure method for exposing a substrate with an exposure light beam by illuminating a mask with the exposure 
light beam and scanning the substrate with the exposure light beam via the mask, the exposure method comprising: 

ss controlling a transmittance distribution of the exposure light beam in a non-scanning direction intersecting a 

scanning direction for the substrate on an optical path of the exposure light beam on a way to the substrate; and 
synchronously moving the mask and the substrate with respect to the exposu re light beam to scan the substrate 
across the exposure light beam having the controlled transmittance distribution. 
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2. The exposure method according to claim 1 , wherein: 

the exposure light beam is a pulse light beam; and 

a width in the scanning direction for the substrate in an exposure area of the exposure light beam on the 
substrate is detemriined so that the exposure light beam is radiated substantially as an Integral number of 
pulses any point to be exposed during a period in which the point on the substrate passes over the exposure 
area. 

3. The exposure method according to claim 1 , wherein the transmittance distribution for the exposure light beam is 
controlled after unifonnity of an illuminance distribution of the exposure light beam is enhanced by the aid of at 
least one optical integrator. 



4. The exposure method according to claim 1 , wherein uneven illuminance in the non-scanning direction of the ex- 
posure light beam on the substrate is corrected by controlling the transmittance distribution in the non-scanning 

IS direction for the exposure light beam. 

5. The exposure method according to claim 1 , wherein a collapse amount of telecentrlclty of the exposure light beam 
with respect to the mask or the substrate is corrected by controlling the transmittance distribution in the scanning 
direction for the exposure light beam. 

20 

6. The exposure method according to claim 1 , wherein the exposure light beam is partially shielded with a transmit- 
tance distribution control member which has a variable transmittance distribution in the non-scanning direction for 
the substrate, in an area defocused by a predetermined spacing distance with respect to a pattern plane of the 
mask or a conjugate plane conjugate with the pattern plane. 

25 

7. The exposure method according to claim 6, wherein the transmittance distribution control member has at least 
one shielding line or an aggregate of minute dot patterns with a density or a size changing in the non-scanning 
direction. 

30 8. The exposure method according to claim 6, wherein: 

the transmittance distribution control member is provided with a first set of a plurality of shielding lines in each 
of which a shielding area is changed in a predetermined distribution in the non-scanning direction for the 
substrate, and a second set of a plurality of shielding lines each of which has substantially the same shape 
35 as that of the shielding line of the first set; and 

the transmittance distribution in the non-scanning direction for the exposure light beam is controlled by inserting 
the first set of the shielding lines and the second set of the shielding lines substantially symmetrically in the 
scanning direction for the substrate into the optical path of the exposure light beam. 

40 9. The exposure method according to claim 8, wherein the transmittance distribution In the non-scanning direction 
for the exposure light beam is further controlled by moving the plurality of shielding lines of the first set and the 
second set in the non-scanning direction for the substrate respectively. 

10. The exposure method according to claim 8, wherein the first set of the plurality of shielding lines are arranged at 
45 a pitch which is gradually changed In the scanning direction for the substrate. 

11. The exposure method according to claim 8, wherein: 



the exposure light beam Is a pulse light beam; and 

the first set of the plurality of shielding lines are arranged at pitches therebetween which are different respec- 
tively from a length obtained by converting a spacing distance of movement of the substrate during each cycle 
of pulse light emission of the exposure light beam into a spacing distance at a position of each of the first set 
of the plurality of shielding lines. 

55 12. The exposure method according to claim 8, wherein: 

the transmittance distribution control member further comprises a third set of a plurality of shielding lines which 
have a larger amount of change of a shielding area In the non-scanning direction for the substrate than that 
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of the first set and the second set of the plurality of shielding lines; and 

the third set of the plurality of shielding lines are inserted in at least one of the scanning direction and the non- 
scanning direction for the substrate to the optical path of the exposure light beam, in order to roughly correct 
any uneven illuminance of the exposure light beam in the non-scanning direction. 

5 

1 3. The exposure method according to claim 1 , wherein the transmittance distribution is adjusted depending on change 
of condition for illuminating the mask with the exposure light beam. 

1 4. An exposure method for exposing a substrate with an exposure light beam by illuminating a mask with the exposure 
10 light beam and scanning the substrate with the exposure light beam via the mask, the exposure method comprising: 

measuhng uneven Illuminance on a substrate plane or at a position in the vicinity thereof; 
controlling an illuminance distribution of the exposure light beam in a non-scanning direction intersecting a 
scanning direction for the substrate on an optical path of the exposure light beam on a way to the substrate 
*5 to correct the measured uneven illuminance; and 

synchronously moving the mask and the substrate with respect to the exposu re light beam to scan the substrate 
with the exposure light beam In which the uneven Illuminance is corrected. 

15. The exposure method according lo claim 14, wherein the exposure light beam is a pulse-shaped beam, and the 
20 illuminance distribution is controlled by inserting, into the path of the exposure light beam, a plate having a prede- 
termined transmittance distribution in the non-scanning direction for the substrate, In an area defocused by a 
predetennined spacing distance with respect to a pattern plane of the mask or a conjugate plane conjugate with 
the pattern plane. 

25 16. The exposure method according to claim 15, wherein the plate is formed with shielding pattems which extend in 

the non-scanning direction and which have different shielding areas in the non-scanning direction, and the illumi- 
nance distribution is controlled by displacing the plate in the path for the exposure light beam. 

1 7. The exposure method according to claim 1 6, further comprising previously determining a relationship between the 
30 uneven illuminance and an uneven illuminance correction amount depending on an amount of movement of the 

plate. 

18. The exposure method according to claim 1 6, wherein uneven inclination is corrected by displacing the plate in the 
non-scanning direction in the path for the exposure light beam when the uneven illuminance is asymmetric in the 

35 non-scanning direction with respect to the exposure light beam. 

1 9. The exposure method according to claim 1 6, further comprising determining discrepancy of telecentricity to correct 
the discrepancy of the telecentricity by displacing the plate across the path for the exposure light beam. 

40 20. The exposure method according to claim 1 9, wherein the plate has first and second correcting plates which have 
identical shielding patterns and which are arranged mutually opposingly so that the shielding patterns are directed 
oppositely, and the discrepancy of the telecentricity is corrected by displacing the first and second correcting plates 
in mutually different amounts across the path for the exposure light beam. 

-^5 21. The exposure method according to claim 16, wherein the plate is arranged at a position at which an image of the 
pattem fonned on the plate is defocused on the conjugate plane conjugate with the pattern plane of the mask, and 
a defocus amount 5Z satisfies 6Z > FD/(2«»NA) wherein a numerical aperture of the exposure light beam on the 
plate Is NA and a maximum line width of the shielding pattern in the scanning direction is FD. 

50 22. An exposure apparatus for exposing a substrate with an exposure light beam via a pattern on a mask by illuminating 
the mask with the exposure light beam and synchronously scanning the mask and the substrate, the exposure 
apparatus comprising: 

an exposure light source which generates the exposure light beam; 

a transmittance distribution control member which is arranged in an area defocused by a predetermined spac- 
ing distance with respect to a pattern plane of the mask or a conjugate plane conjugate with the pattern plane 
and which partially shields the exposure light beam with a variable transmittance distribution in a non-scanning 
direction intersecting a scanning direction for the substrate; and 
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a driving unit which drives the transmittance distribution control member in order to control the transmittance 
distribution in the non-scanning direction for the exposure light beam. 

23. The exposure apparatus according to claim 22, wherein: 
the exposure light source is a pulse light source; 

the apparatus further comprises a fixed field diaphragm which is arranged on a plane defocused by an amount 
smaller than a defocus amount of the transmittance distribution control member with respect to the pattern 
plane of the mask or the conjugate plane conjugate with the pattern plane; and 

a width of the field diaphragm In a direction corresponding to the scanning direction for the substrate is deter- 
mined so that the exposure light beam is radiated substantially as an integral number of pulses to any point 
to be exposed during a period in which the point on the substrate passes over an image of the field diaphragm. 

24. The exposure apparatus according to claim 22, further comprising at least one optical integrator which is disposed 
between the exposure light source and the transmittance distribution control member. 

25. The exposure apparatus according to claim 22, wherein the transmittance distribution control member has at least 
one shielding line with a shielding area gradually changing in the non-scanning direction for the substrate, or an 
aggregate of minute dot patterns with a density or a size changing in the non-scanning direction. 

20 

26. The exposure apparatus according to claim 22, wherein: 

the transmittance distribution control member is provided with a first set of a plurality of shielding lines in each 
of which a shielding area is gradually changed in the non-scanning direction for the substrate, and a second 
set of a plurality of shielding lines each of which has substantially the same shape as that of the shielding line 
of the first set; and 

the driving unit changes the transmittance distribution in the non-scanning direction for the exposure light 
beam by inserting the first set of the shielding lines and the second set of the shielding lines substantially 
symmetrically in the scanning direction for the substrate into an optical path of the exposure light beam. 

30 

27. The exposure apparatus according to claim 26, wherein the driving unit changes the transmittance distribution in 
the non-scanning direction for the exposure light beam by integrally or independently moving the first set and the 
second set of the shielding lines in the non-scanning direction for the substrate with respect to the optical path for 
the exposure light beam. 

35 

28. The exposure apparatus according to claim 22, wherein the driving unit further drives the transmittance distribution 
control member in the scanning direction in order to correct any discrepancy of telecentriclty of the exposure light 
beam with respect to the mask or the substrate. 

40 29. The exposure apparatus according to claim 27. wherein the transmittance distribution control member further 
comprises a third set of a plurality of shielding lines which have a larger amount of change of a shielding area in 
the non-scanning direction for the substrate than the first set and the second set of the plurality of shielding lines. 

30. An exposure apparatus for exposing a substrate with an exposure light beam via a pattern on a mask by illuminating 
45 the mask with the exposure light beam and synchronously scanning the mask and the substrate, the exposure 

apparatus comprising: 

a measuring unit which measures uneven illuminance of the exposure light beam in a non-scanning direction 
intersecting a scanning direction for the substrate; 

a shield plate which has a shielding pattern for adjusting an illuminance distribution of the exposure light beam 

in the non-scanning direction; 

a driving unit which drives the shield plate; and 

a control unit which displaces the shield plate across a path for the exposure light beam by controlling the 
driving unit so that the uneven illuminance is corrected. 

55 

31. The exposure apparatus according to claim 30, further comprising an exposure light source, wherein the exposure 
light source generates a pulse beam having an oscillation frequency which is less than 10 KHz. 
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32. The exposure apparatus according to claim 30, wherein the plate is formed with shielding patterns which extend 
In the non-scanning direction and which have different shielding areas in the non-scanning direction. 

33. The exposure apparatus according to claim 30, further comprising a memory which stores a previously determined 
5 relationship between the uneven illuminance and an uneven illuminance correction amount depending on a driving 

amount of the plate. 

34. The exposure apparatus according to claim 32, wherein the driving unit displaces the shield plate across the path 
for the exposure light beam when the uneven illuminance is asymmetric in the non-scanning direction with respect 

10 to the exposure light beam. 

35. The exposure apparatus according to claim 30, further comprising a telecentricity-measuring unit, 

36. The exposure apparatus according to claim 30, wherein the plate includes first and second correcting plates which 
15 have identical shielding patterns and which are arranged mutually opposingly so that the shielding patterns are 

directed in opposite directions, and the driving unit corrects discrepancy of telecentricity by displacing the first and 
second correcting plates in mutually different amounts across the path for the exposure light beam. 

37. The exposure apparatus according to claim 32, wherein the plale is arranged aL a position at which an image of 
the pattern formed on the plate is defocused on a conjugate plane with respect to a pattern plane of the mask, and 
a defocus amount 5Z satisfies 6Z > J=D/(2«>NA) wherein a numerical aperture of the exposure light beam on the 
plate is NA and a maximum line width of the shielding pattern in the scanning direction is FD. 

The exposure apparatus according to claim 30, further comprising a timer and a memory which stores a previously 
determined relationship between working time of the exposure apparatus and the uneven illuminance, wherein 
the control unit corrects the uneven illuminance by controlling the driving unit depending on exposure time meas- 
ured by the timer. 

The exposure apparatus according to claim 30. wherein the plate includes first and second correcting plates which 
have identical shielding patterns and which are arranged mutually opposingly so that the shielding pattems are 
directed in opposite directions, and a third correcting plate which is arranged at a position further defocused from 
a conjugate plane with respect to the mask as compared with the first and second plates and which is formed with 
a shielding pattern having a shielding area larger than that of the shielding pattern of each of the first and second 
plates. 

The exposure apparatus according to claim 38, wherein the driving unit Includes a slider which is moved while 
holding each of the first, second, and third correcting plates, a guide with which the slider is engaged, and a motor 
which moves the slider. 

41 . An exposure method for exposing a substrate with a pattern by transferring the pattern formed on a mask onto the 
substrate, the exposure method comprising: 

illuminating the mask with a pulse-shaped exposure light beam so that an illuminance distribution of the ex- 
posure light beam on the substrate Is trapezoidal in a scanning direction for the substrate; and 
scanning the substrate with the exposure light beam while synchronously moving the mask and the substrate, 

wherein: 

a widlh of an inclined portion of the trapezoidal illuminance distribution is set to be substantially an integral 
multiple of a distance of movement of the substrate in the scanning direction during a period of one cycle of 
pulse light emission of the exposure light beam. 

The exposure method according to claim 41 , wherein a shape of an exposure area brought about by the exposure 
light beam on the substrate is set so that a width is gradually changed in a non-scanning direction intersecting the 
scanning direction for the substrate depending on a totalized exposure amount distribution on the substrate. 

43. A method for producing a device, comprising a step of transfen'ing a device pattern onto a workpiece by using the 
exposure method as defined in claim 1 . 

44. A method for producing a device, comprising a step of transferring a device pattern onto a workpiece by using the 
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exposure method as defined in claim 14. 

A method for producing a device, comprising a step of transferring a device pattern onto a workpiece by using the 
exposure method as defined in claim 41 . 

An exposure apparatus for illuminating a mask with an exposure light beam and exposing a substrate with the 
exposure light beam via the mask, the exposure apparatus comprising: 

an illuminance-correcting member which is an-anged in an area defocused with respect to a conjugate plane 
conjugate with the substrate and which partially shields the exposure light beam with a variable transmittance 
distribution; and 

a control unit which sets the transmittance distribution of the exposure light beam so as to correct at least one 
of uneven illuminance and a collapse amount of telecentricity of the exposure light beam with respect to the 
mask or the substrate. 

15 

47. An exposure method tor exposing a substrate with an exposure light beam via a mask by relatively moving the 
mask and the substrate with respect to the exposure light beam subjected to pulse oscillation, wherein: 

an illuminance distribution of the exposure light beam concerning a scanning direction for the substrate Is 
set lo be substantially IrapezoidaK a width of the exposure light beam in the scanning direction is allowed to partially 
20 differ, and a scanning exposure condition for the substrate is set so that an integral number of pulses of the exposure 

light beam are radiated onto a point as an exposure objective during a period in which the point as the exposure 
objective on the substrate passes over an inclined portion of the illuminance distribution. 
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